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FORWARD 

This document provides a summary of the environmental auditions in the S t  Marys River Area of Conurn 
(AoC) in Ontario and Michigan. It represents the Stage I submission of the S t  Miuy River Remedial 
Action Plan (RAP). in accordanct with the Canada-US. Great Lakes Water Quality Agreement and the 
Canada-Ontario Agreement respecting Great Lakes Water Quality. It identifies many of the sources of 
contaminants which may contribute to the impairment of beneficial uses. 

The report contains an executive summary which is presented as Chapter 1. Impairments to beneficial uses 
arc summarized in Table 1.1. The identification of impairments is based on water, sediment and biota 
s m y s  which wtrt camed out primarily in the 1984 to 1986 period including some available data as recent 
as 1990. The status of each benefiaal use category has been assigned by the S t  Marys River RAP Team, in 
consultation with the Bi t ional  Public Advisory Council (BPAC), using the LislingIDtlisting Guidelines 
prepared by the International Joint Commission (UC) in conjmction with applicable standards, guidelines 
and objectives where available. 

five municipal and industrial points sources discharging to the S t  Marys River have been identified. Several 
non-point sources of contaminants are also identified. Available loadings data are presented for the mapr 
point and non-point sources. The most recent loadings data which have been utilized are based on sampling 
undertaken from 1986-1990 (poiit sources) and 1986 (non-point). Recent 1989 and 1990 data for those 
parameters which are regularly monitored at all municipal and industrial facilities in Ontario and Michigan 
have been utilized. Data from Ontario's Municipal-Industrial Strategy for Abatement (MISA) monitoring 
studies (1986-1988) of the iron & steel and pulp & paper sectors have also been utilized. 

Results of several recent studies will assist in updating the problem definition. These include: 

rn 1989190 point source data for the Iron and Steel and Pulp and Paper sectors collected under 
Ontario's MISA program; 

rn The Algoma Steel Slag Disposal Site Investigation (1987-1989) which indicates contaminants. 
loads and pathways from the slag site to the St. Marys River, 

rn The results of Environment Canada's pilot site initiative (1991) for the in situ treatment of 
contaminated sediments. 

A number of data gaps have also been highlighted. These indude: 

Additional information on ambient conditions within the AoC with which to make definitive 
conclusions regarding the impairment status for the tainting of fish and wildlife flavour. the 
extent of eutrophication in embayments, and the degradation of phytoplankton and 
zooplankton communities in embayments; 

rn The quantification of non-point sources including CSOs, stormwater and atmospheric inputs; 

rn Loadings data for Michigan tributaries. 

More recent point source loadings data collected under Ontario's MISA program will be updated to Stage I 
as an initial component of the Stage I1 process. This process will also identify and prioritize site specific 
studies required to fill other data gaps. 



The St. Marys River Area of Concern 

Environmen tal Conditions 
and 

Problem Definitions 

Remedial Action Plan 
Stage I 

March, 1992 

Ontario Ministry of the Environment, Detroa / St. Clair / St. Marys River Projed 
242A Indian Road, South, Room 203, Samia, Ontario NTT 3W4 

Michigan Department of Natural Resources, Surface Water Quasi Division 
Great Lakes and Environmental Assessment Section, P.O. Box 30028 

Lansing, Michigan 48909 





FORWARD 

This document provides a summary of the environmental conditions in the S t  Marys River Area of Concern 
(AoC) in Ontario and Michigan. It represents the Stage I submission of the S t  Marys River Remedial 
Action Plan (RAP), in accordance with the Canada-US. Great Lakes Water Quality Agreement and the 
Canada-Ontario Agreement respecting Great Lakes Water Quality. It identifies many of the sources of 
con taminants which may contribute to the impairment of benefiaal uses. 

The report contains an uecutive summary whicb is presented as Chapter 1. Impairments to benefiaal uses 
are summarized in Table 1.1. The identification of impairments is based on water, sediment and biota 
surveys which were carried out primarily in the 1984 to 1986 period including some available data as recent 
as 1990. The status of each beneficial use category has been assigned by the St. Mazy River RAP Team, in 
consultation with the Binational Public Advisory Comd (BPAC), using the ListingIDelisting Guidelines 
prepared by the International Joint Commission (UC) in conimction with applicable standards, guidelines 
and objbctives where available. 

Fhe municipal and industrial points sources discharging to the S t  Marys Riur  have been identified. Several 
non-point sources of contaminants are also identified. Available loadings data are presented for the major 
point and non-point soureu. The most recent loadings data which have been utilized are based on sampling 
undertaken from 1986-1990 (poiit sources) and 1986 (non-point). Recent 1989 and 1990 data for those 
parameters which am regularly monitored at all muniapal and industrial facilities in Ontario and Michigan 
have been utilized. Data from Ontario's Municipal-Industrial Strategy for Abatement (MISA) monitoring 
studies (19861988) of the iron & steel and pulp & paper sectors have also been utilized. 

Results of several recent studies will asskt in updating the problem definition. These include: 

1989190 point source data for the Iron and Steel and Pulp and Paper sectors collected under 
Ontario's MISA program; 

The Algoma Steel Slag Disposal Site Investigation (1987-1989) which indicates contaminants. 
loads and pathways from the slag site to the St. Marys River, 

The results of Environment Canada's pilot site initiative (1991) for the in siru treatment of 
contaminated sediments. 

A number of data gaps have also been highlighted. These include: 

Additional information on ambient conditions within the AoC with which to make definitive 
conclusions regarding the impairment status for the tainting of fish and wildlie flavour, the 
extent of eutrophication in embayrnents, and the degradation of phytoplankton and 
zooplankton communities in embayments; 

The quantification of non-point sources including CSOs, stormwater and atmospheric inputs; 

Loadings data for Michigan tributaries. 

More recent point source loadings data collected under Ontario's MISA program will be updated to Stage I 
as an initial component of the Stage I1 process. This process wil l  also identify and prioritize site specific 
studies required to fill other data gaps. 

iii 





TABLE OF CONTENTS 

FORWARD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LISTOFTABLES rd 
I 

LISTOFFIGURES ............................................................... xv 

LISTOFAPPENDICES ........................................................... x 

1 EXECUTIVESUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
1.1 INTRODUCIION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
12 THERAPPROCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
13  CONTROL PROGRAMS ................................................. 5 
1.4 DESCRIPTION OF THE AREA ..................................... 5 
1 5  LANDUSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1.6 WATER RESOURCE USE ............................................... 8 
1.7 ENVIRONMENTAL CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

1.7.1 WaterQuality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
1.72 Bottom Sediment Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1.73 Biota Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

1 -8 ENVIRONMENTAL CONCERNS/USE IMPAIRMENT . . . . . . . . . . . . . . . . . . . . . . . .  11 
1.8.1 Restrictions on Fish and Wddlife Consumption . . . . . . . . . . . . . . . . . . . . . . . . .  15 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  1.8.1.1 Restrictions on Fish Consumption 15 
. . . . . . . . . . . . . . . . . . . . . . . .  1.8.12 Restrictions on Wddlife Consumption 15 

1.8.2 Tainting of Fish and Wddlife Flavour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
1.8.3 Degradation of Fish and Wddlife Populations . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

1.8.3.1 Dynamics of Fish Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
1.832 Body Burdens of Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
1.833 Dynamics of Wddlife Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
1.83.4 Body Burdens of Wddlife . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

1.8.4 Fish Tumours or Other Deformities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
1.85 Bird or Animal Deformities or Reproductive Problems . . . . . . . . . . . . . . . . . . .  16 
1.8.6 Degradation of Benthos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
18.7 Restrictions on Dredging Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
1.8.8 Eutrophication or Undesirable Algae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
1.8.9 Restrictions on Drinking Water Consumption or Taste and Odour Problems . . .  17 

1.8.9.1 Consumption, Taste and Odour . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
1.8.92 Tastes and Odour Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

1.8.10 Impairment of Ambient Water Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
1.8.1 1 Beach Closings and Body Contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
1.8.12 Degradation of Aesthetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
1.8.13 Added Cost to Agriculture or Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
1.8.14 Degradation of Phytoplankton and Zooplankton Populations . . . . . . . . . . . . . .  18 
1.8.15 Loss of Fish and Wddlife Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

1.9 SOURCES AND LOADS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 INTRODUCTION 21 
2.1 BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

. . . . . .  22  REMEDIAL ACTION PLANS AND THE AREAS OF CONCERN PROGRAM 25 
23 ST . MARYS RIVER REMEDIAL A(3TION PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 



) 3 PARTICIPANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
3.1 THE REMEDIAL ACTION PLAN TEAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
3 2  PUBLIC PARTICIPATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

3 2 1  Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.2 Displays 31 

3 2 3  PublicMeetings ................................................ 31 
3 2 4  Bit ional  Public Advisory Council .................................. 32 

3 3  TECHNICAL EXPERTISE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
3.4 GOVERNMENTAGENCIES ............................................. 33 . 

4 REGULATORYPROGRAMS ................................................... 
4.1 ONTARIO ........................................................... 

......................................... 4.1.1 Environmental Legislation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 2 Water Quality Objectives 
............................................ 4.13 Point Source Controls 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 3.1 Compliance and Enforcement 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1.4 Non-Point Sources 

4.1.4.1 Shipping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.1.42 Sp iUs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.1.43 Sediment Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.1.4.4 Stormwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.1 5 Wetlands and Shorelands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1.6 Solid, Liquid & Hazardous Waste Controls 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1.7 Pestiad es 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1.8 AirQuality 

4.1.9 F~sh Consumption Advisories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1.10 Drinking Water Objectives 

4.1.1 1 Water Treatment Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.2 CANADA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  4.2.1 Environmental Legislation Relevant to the Great Lakes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.22 PointSources 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2.3 Non-Point Sources 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.23.1 Shipping 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2.4 Hazardous Waste Control 

4.2.5 Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2.6 AirQuali ty 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2.7 Fish Consumption Advisories 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  42.8 Great Lakes Water Quality Working Group 

4.3 MICHIGAN AND UNITED STATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.3.1 Water Quality Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43.1.1 Great Lakes Initiative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.32 Point Source Discharge Permits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  432.1 Industrial Pretreatment Program 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3.22 Combined Sewer Overflows 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  432.3 Compliance and Enforcement 
4.3.2.4 Stormwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3.3 Critical Materials and Wastewater Report 
4.3.4 Nonpoint Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

43.4.1 Erosion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.3.4.2 Spills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.3.43 Ballast Water Exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
43.4.4 Contaminated Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  4.3.5 Navigational Dredging and Sediment Disposal 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.6 Wetlands and Shorelines 
43.7 HazardousWaste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
43.8 Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................................................... 43.9 AirQuality 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43.10 F& Consumption Advisories 

43.1 1 Drinking Water Standards ........................................ 
43.12 Michigan Waste Prevention Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.4 UNITED STATES . CANADA GREAT LAKES WATER QUALITY AGREEMENT . . 
4.4.1 General Objectives .............................................. 

.............................................. 4.42 SpedficObjcctivts 

.............................................. 4.43 GLWQAAnnws 
............. 4 5 ONTARIO-MICHIGAN EMERGENCY NOTIFICATION PROTOCOL 

5 ENWRONMENT'ALSEiTING ................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1 LOCATION. EXTENT AND HYDROLOGY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.1.1 LocationandExtent 
5.12 DrainageBasin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.13 Hydrology .................................................... 

5.1 3.1 Physical Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.132 History of Engineering Structures Influencing Hydrology of the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  StMarysRivtr 
5.133 DischargeRates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.13.4 Currents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.1 35 Water Ltvtl Fluctuations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.13.6 Vessel Passage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.2 CLIMATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.2.1 AirTemperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.22 Water Temperature 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2.3 Pr&pitation 

52.4 WmdPatterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.3 TERRAIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.3.1 Geology and Geomorphology 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.3.2 Relief 

5 3 3  Sods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.3.4 Terrestrial Vegetation 

5.4 LANDUSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.4.1 Undeveloped Lands 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.42 Agri culturt 
5.43 Urban and Rural Residential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.4.4 Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.45 Waste Disposal Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.45.1 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.45.2 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5.5 WATER RESOURCE USES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
..................................................... 55.1 Shipping 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 5 2  Water Supply 
5 5 3  Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
55.4 Wetlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 5 5  Fish and Wddlife Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

555.1 FdHabi ta t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.5.52 Sea Lamprey Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 5 5 3  Wddlife Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55.6 Commercial F ~ h i n g  



55.6.1 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
55.62 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 

55.7 NativtFIshing ................................................ 124 
55.7.1 Michigan ............................................. 124 

.............................................. 55.72 Ontario 125 
55.8 SportF* ................................................. 125 
55.9 Hunting and Trapping .......................................... 128 
55.10 Recreational Boating /Marinas .................................... 133 
55.1 1 Other Recreational Uses ........................................ 133 

5.6REFERENCES ....................................................... 136 

6 EXISXTNG ENVIRONMENTAL CONDITIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139 
6.1 WATER ............................................................. 141 

6.1.1 Physical and Chemical Characteristics ................................ 141 
6.1.1.1 Water Temperature ...................................... 141 
6.1.12 DissolvcdOxygcn ....................................... 142 
6.1.13 Turbidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142 
6.1.1.4 pH .................................................. 142 
6.1.15 Akahity ............................................. 142 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.1.1.6 Specific Conductance 144 
6.1.1.7 Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
6.1 .1.8 Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
6.1.1.9 IWrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
6.1.1.10 Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
6.1.1.1 1 Chlorophyll a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 
6.1.1.12 Aesthetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 

6.1 2 Water Quality . Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 
6.1.2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 
6.122 Total Phenols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 
6.1 23 Ammonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148 
6.12.4 Cyanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 
6.1.2.5 Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 
6.1.2.6 Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 
6.1.2.7 Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 

. . . . . . . . . . . . . . . . . . . . .  6.1.2.8 Poljcyclic Aromatic Hydrocarbons (PAHs) 153 
6.13 Bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 

6.1 3.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 
6.132 1973Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 
6.1 33 1974 Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163 
6.1.3.4 1986 and 1987Sumys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 
6.1 35 Beach Closures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 

6.1.4 Water Quality Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 
6.2 SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  172 

62.1 Characteristics and Spatial Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  172 
62.2 Historical Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  174 

. . . . . . . . . . . . . . . . . . . .  62.2.1 Polworinated Biphenyls (PCBs) and DDT 174 
. . . . . . . . . . . . . . . . . . . . .  6.2.2.2 Polyqdic Aromatic Hydrocarbons (PAHs) 174 

6.223 Metals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  178 
6.22.4 Oil and Grease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 

6 2 3  Surfiaal Sediment Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 
6.23.1 Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 
623.2 Chromium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 
6.23.3 Zinc and Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 

vii 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  623.4 Arsenic and Manganese 1% 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 2 3 5  Nickel and Copper 1% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  623.6 Cadmium, Mercury and Cyanide 201 
623.7 OilandGrease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201 
623.8 TotalPCBs ............................................ 201 

............................................ 623.9 Total PAHs 206 
.................................. 623.10 Lobs On Ignition 0 1 )  206 

....... 623.11 Total Phosphorus Total p) and KjAiahl Nitrogen (TKN) 209 
6 1 4  Summary ..................................................... 209 . 

6 3  PHYTOPLANKTON ................................................... 213 
63.1 Background .................................................. 213 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 3 2  Community Composition 213 
................................................ 6 3 3  Standingstocks 215 

.......................................... 63.4 EffeofContaminants 215 
..................................................... 63.5 Summary 216 

............................................. 6.4 AQUATIC MACROPHYIES 216 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.4.1 Emergent Macrophytes 219 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.42 Submersed Maaophytes 219 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.43 Primary Production and Nutrient C@ng 220 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.4.4 Loss of Aquatic Macrophyte Beds 221 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.45 EffectsofContaminants 221 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.4.6 Summary 221 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.5 ZOOPLANKTON 223 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.5.1 Background 223 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5 2  CommunityCompoaition 223 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5 3  EffectsofContaminants 223 

65.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  223 
6.6 BENTHIC INVERTEBRATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  226 

6.6.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  226 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.62 Community Composition 2 .6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.62.1 Soft Substrate Benthos 228 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6.22 Emergent Macrophytes Benthos 228 

6.623 RapidsBenthos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.62.4 Shipping Channel Benthos 229 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.63 Benthic Production 230 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6.4 EfiectsofContaminants 231 

. . . . . .  6.65 Sediment Quality . Benthic Macroinvertebrate Community Relationships 237 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6.6 Contaminants in Benthic lnvenebrates 239 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6.6.1 Oligochaetes and Mayflies 239 
6.6.62 Mwsels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  245 

6.6.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  245 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7 FISH. AMPHIBIANS AND REPTILES 247 

6.7.1 Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  247 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7.1.1 Composition and Distribution 247 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7.12 Contaminants in Fish 250 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7.1 3 F& Turnours 257 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.72 Habitat Degradation 257 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7 3 Arnphib'kms and Reptilts 258 

6.7.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  258 
6.8 WILDLIFE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259 

6.8.1 Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.8.1.1 Production 259 

6.8.12 Contaminants in Birds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 



6.82 Mammals ..................................................... 261 
682.1 Contaminants in Mammals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261 

6.9 REFERENCES ......................................................... 263 

7 ENVIRONMENTAL CONCERNSIUSE IMPAIRMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ni 
7.1 INTRODUCI'ION ..................................................... 273 
72 USEIMPAIRMENI'S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  273 

721 Restrictions on Flsh and Wddlife Consumption . . . . . . . . . . . . . . . . . . . . . . . . .  273 
721.1 Restrictions on Fd Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . .  273 

......................... 7212 Rtstrictions on Wddlife Consumption 277 
722 Tainting of Fd and Wddlife Flamur ................................ 277 

. . . . . . . . . . . . . . . . . . . . . . . . . .  7.23 Degradation of Flsh and Wildlife Populations 277 
723.1 Dynamics of Flsh populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277 
7232 Body Burdens of Fd .................................... 278 
7233 Dynamics of Wildlife Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 
723.4 Body Burdens of Wddlife .................................. 278 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72.4 Flsh Tumoun or Other Deformities 279 
. . . . . . . . . . . . . . . . . . .  725 Bird or Animal Deformities or Reproduction Problems 279 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72.6 Degradation of Benthos 279 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  72.6.1 Dynamics of Benthic Populations 279 

. . . . . . . . . . . . . . . . . . . . . . . . .  72.6.2 Body Burdens of Benthic Organisms 280 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.2.7 Restrictions on Dredging Activities 280 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.2.8 Eutrophication or Undesirable Algae 280 
. . .  7.2.9 Restrictions on Drinking Water Consumption or Taste and Odour Problems 281 

72.9.1 Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 
72.92 Tastes and Odour Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 

7.2.10 Impairment of Ambient Water Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 
7.2.1 1 Beach Closings and Body Contact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 
7.2.12 Degradation of Aesthetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  282 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.2.13 Added Cost to Agriculture or Industry 282 
. . . . . . . . . . . . . .  7.2.14 Degradation of Phytoplankton and Zooplankton Populations 282 

7.2.15 Loss of Fish and Wddlife Habitat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  282 
7.3 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  283 

8 SOURCESANDLOADS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  285 
8.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  287 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.2 POINTSOURCES 288 
8.2.1 Muniapal Point Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  288 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.1.1 Ontario 288 
8.2.12 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  293 

8.2.2 Industrial Point Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  294 
8.23 Tributary Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  306 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.23.1 Ontario 306 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  823.2 Michigan 309 

8.3 NON-POINT SOURCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  309 
8.3.1 Combined Sewer Overflow (CSOs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 

83.1.1 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 
8.3.1.2 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 

83.2 UrbanRunoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 
83.2.1 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  310 
8.3.2.2 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311 

8.33 RuralRunoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311 
8.33.1 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  313 



8332 Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  313 
................................................... 83.4 Atmosphere 313 

83.4.1 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  313 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83.42 Michigan 316 

.......................................... 835 Contaminated Sediments 316 
. . . . . . . . . . . . . . . . . . . . . . . . . .  83.6 Groundwater ContarninationIWaste Disposal 318 

83.6.1 Ontario ............................................... 318 
83.62 Michigan .............................................. 320 

83.7 Shipping ...................................................... 322 
83.7.1 Ontario ............................................... 322 

.............................................. 83.72 Michigan 323 
83.8 Spills ........................................................ 323 

83.8.1 Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  323 
.............................................. 83.82 Michigan 325 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83.9 Other Non-point Sources 325 
.......................................................... 8.4 SUMMARY 326 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 REFERENCES 328 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GLOSSARY . ACRONYMS AND UNI'rS OF MEASURE 331 





LIST OF TABLES 

Table 1.1 

Table 12 

Table 4.1 
Table 42 
Table 43 

Table 4.4 
Table 45 
Table 4.6 
Table 4.7 

Table 4.8 
Table 4.9 
Table 4.10 
Table 4.1 1 
Table 4.12 
Table 4.13 
Table 4.14 

Table 4.15 

Table 4.16 

Table 4.17 

Table 4.18 
Table 5.1 

Table 5.2 

Table 5.3 

Table 5.4 

Table 5.5 

Table 5.6 

Table 5.7 

Table 5.8 

Table 5.9 

Summary of Great Lakes Water Quality Agreement benefiaal uses and their 
significance and impairment status with regard to the St. Marys River Area of 
mcem ........................................................... 12 
Primary and smndaxy sources of contaminants to the St. Marys River AoC based 
on loadings data collected from 1986 through 1988 (percent of total loading shown 
inbrackets) ........................................................ 20' 

. . . . . . . . . . . . . . . . . .  Applicable Surface Water Quality Criteria for Toxic Substances 38 
. . . . .  Environmental Legislation Affecting the Great Lakes and Connecting Channels 42 

Ontario Provinaal Water Quality 0bjtctive-s (PWOO) for the proteaion of aquatic 
Lifeandrf~eationalmu ............................................... 43 

. . . . . . . . . .  Ontario Municipal and Industrial Effluent Objectives (mglL unless noted) 46 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  MISA Monitoring Regulatiom Promulgation Dates 48 

. . . . . . . . . . . . . . . . . . .  Ontario Metal Criteria for Land Application of Sewage Sludge 51 
Ontario MOE Guidelines for Dredged Material Disposal in Open Water and the 

. . . . . . .  draft Provinaal Sediment Quality Guidelines (mgikg, unless otherwise noted) 52 
. . . . . . . . . . . . . .  Canadian Legal Limits for contaminants in commercial fish (mgikg) 57 

Water treatment processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Canadian Environmental Legislation 60 

Canadian and Ontario Effluent Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
. . . . . . . . . . . . . . . . . . . . . . . .  Summary of Michigan Surface Water Quality Standards 65 

. . . .  . Allowable Levels of Toxic Substances in Surface Water January 15. 1991 Update 66 
U.S. EPA Interim Guidelines for the Disposal of Great Lakes Harbor Sediments. 
19n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
Summary of State Statutes Impacting Wetland Protection and Management in 
Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Trigger Levels Currently Used by MDPH in Establishment of Fish Consumption 
Advisories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
Great Lakes Water Quality Agreement Specific Objectives for Ambient Water 
Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
GLWQA Specific Objectives for Fish Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Summary of physical characteristics of the Great Lakes connecting channels puffy 
er d., 1987, Botts and Krushelnicki, 1987) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
Average annual flow rates and drainage area for Michigan tributaries discharging to 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  the Marys River (MDNR, Data Files) 95 
Average flow rates during May and or June, 1959 to 1990. for Ontario tributaries 
discharging to the St . Marys River (DFOIUSFWS, Sea Lamprey Control Office, 
DataFdes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
Chronology of engineering changes associated with the St. Marys Rapids . 1797 to 
1986 (Duffyezal .. 1987, K a w  1991) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  % 
Predominant soil types in eastern Chippewa County, Michigan and on islands within 
or lands adjacent to the St. Marys River Puffy et al., 1987) . . . . . . . . . . . . . . . . . . . .  105 
Agricultural resource characteristics for the Michigan side of St. Marys River valley 
(UGLCCS Nonpoint Source Workgroup 1987) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
Population densities for Sault Ste . Marie, Michigan and Sault Ste . Marie . Ontario 
and the Rankin Location and Garden River lndian Reserves . . . . . . . . . . . . . . . . . . .  107 
Predominant fish speaes in the primary habitats of the St . Mary River (Kauss 
1991) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
Relative abundance of white-tailed deer in Chippewa County, Michigan . during July 
through October of 1975 through 1990 (MDNR Wddlife Division, Data Files) . . . . . .  121 



Table 5.10 

Table 5.1 1 

Table 5.12 

Table 5.13 

Table 5.14 

Table 5.15 

Table 5.16 

Table 5.17 

Table 6.1 

Table 6.2 

Table 6 3  

' 1  Table6.4 

Table 6.5 

Table 6.6 

Table 6.7 

Table 6.8 

Table 6.9 

Table 6.1 1 

Table 6.12 

Subsistence harvtst of fish from the S t  Marys River, 1981 to 1988, as per the 
regulations of the ChippewaJOttawa Treaty Fshery Management Authority (Inter- 
tribal fisheries and Assessment Program, Data Files). . . . . . . . . . . . . . . . . . . . . . . .  125 
Summary of creel r d t s  from the Ontario side of the S t  Mary Rapids area of the 

....................... S t  Marys River (Wurm 1987 and OMNR Data Fdes). 128 
Seasonal availability of selected game fish species within the three mapr sections of 

.............. the Ontario waters of the St. Mary R i w  (OMNR Creel Reports). 129 
Summary of creel results from the S t  Joseph C h m e l  area in Ontario waters of the 

.................. lower S t  Marys River (Walker 1979 and OMNR Data Fdes). 130 
Fd stocking numbers for the S t  Marys River, including both Canadian and U.S. 
waters, from 1985 through 1990 (OMNR and MDNR Data Files and City Hatchery 
Records (Ontario)). ................................................. 131 
Small game hunting statistics (5-year average for 1985-1989) for Chippewa County, 

. . . . . . . . . . . . . . .  Michigan (MDNR, Wddli Division S w y s  Section, Data Files). 133 
Marina operations and facilities along Ontario waters of the St. Marys River 

.................................................... (Krishka1989). 133 
Recommended aids to navigation and facility irnprovcments within St. Mary River 

. . . . . . . . .  waterway from Sault Ste. Marie to Bruce Mills as of 1985 (Krkhka 1989). 134 
Summary of physical and chemical characteristics of the St. Marys River, (from 
Kauss1991) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
Ranges and means of dissolved oxygen measurements taken at nearshore and 
offshore sites in the St. Marys River in the vicinity of Neebiih Island and in 
Lake George, 1981 (from Liston et d., 1983). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 
Benim(a)pyrene and total PAHs assodated with the particulate phase, aqueous 
phase and estimated whole water in the St. Marys River, 1986 (from UGLCCS 

. . . . .  1988) (See Appendix 6.1: Tables 6APP.2, 6APP.3 and 6APP.4 for full data set). 156 
Mutagenicity and carcinogenicity of twentynine polyqdic aromatic hydrocarbons 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (PAHs) (Kauss and Hamdy 1991). 158 
Summary of parameters exceeding water quality criteria in the St. Mary River 

..................................................... AreaofConcern 169 
"RAP Sediment Criteria" used for the classification of St. Mary River surfiaal 
sediments. (Criteria were developed from OMOE Open Water Disposal 
Guidelines for Dredged Material and US. EPA Guidelines for the Pollution 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Classification of Great Lakes Harbor Sediments). 186 
Percent of sediment samples collected from the St. Mary River during 1984 and 
1985 by U.S.EPA, U.S.FWS, or OMOE that exceeded the moderately polluted 
USEPA andlor OMOE sediment pollution guidelines given in mglkg, except 
where noted (Htsselberg and Harndy 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  187 
Summary of metals in surfiaal sediment by area with range and percentage of 
samples exceeding the lesser of the U.S. EPA moderately polluted or OMOE 

. . . . . . .  sediment pollution Guidelines. (prepared from Hesselberg and Hamdy 1987). 188 
Summary of non-metal contaminants in surficial sediment by area with range and 
percentage of samples exceeding the lesser of the U.S. EPA moderately polluted or 
OMOE sediment polJution Guidelines. (prepared from Hesselberg and Hamdy 
1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190 
The most common diatoms found in the Lake Nicolet reach of the St. M a w  River 
during 1982 (Liiten a d., 1986). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  213 
Summary of phytoplankton data collected from the Sault Ste. Marie, Ontario water 
intake in the St. Marys River and from a sampling site offshore of Gros Cap, Lake 
Superior. All values are expressed as Areal Standard Units (AS.U.) per rnL. (One 
A.S.U. is equal to an area subtended by 0.003 m m 3 / ~ )  (Hopkins 1986. Michaiski 
1975). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  216 



Table 6.13 

Table 6.14 

TaMe 6.15 

Table 6.16 

Table 6.17 

Table 6.18 

Table 6.19 

Table 6.20 

Table 6.21 

Table 6.22 

Table 6.23 

Table 6.24 

Table 6.25 

Table 6.26 

Table 6.27 

Table 6.28 

Table 6.29 

Table 7.1 

Table 8.1 

Table 8.2 

Table 8.3 

Table 8.4 

Summary of phytoplankton data from various Ontario Great Lakes mter supply 
intakes(Hopkins1986). ............................................... 217 
Biomass in monotypic stands of dominant emergent plants in the S t  Marys River at 

............. times of peak standing crop (SeptcmberOctobtr) @dry a ul., 1987). 220 
Annual net primary production in the Lake Nicolet reach of the St Marys River 
(Duffyad,1987). .................................................. 221 
Benthic macroinvertebrates characteristic (occuning at >WO of stations) of 

.................... difiutnt habitats in the S t  Marys River @uffy a al., 1987). 227 
Average number of benthic macroinurtebrates/m2 and percent of the total 
represented by major tmnomic groups cdlected from offshore stations in the 
St. Marys River during 1983 @uQ et al., 1987). ............................. 229 
Estimated benthic maminurtebrate production (mg dry wight/m2lyear) in the 
emergent- littoral zone and the 3 m depth contour of Lakes George and Nicolet 

.......................... and in the Lake Nicolet Rapids (Duffj a al., 1987). 230 
Characteristics of benthic macroinvertebrate community tones in the S t  Marys 
Riur, 1985 (Burt a d, 1988). .......................................... 235 
Concentrations of arsenic and metals in bulk sediments (mglkg, dry weight) and 
benthic macrdnvcrtebrates (oligochaeta) tissue (mg/kg, dry weigh4 gut-corrected) 

. . . .  from different locations in the S t  Marys River. 1983. (from Persaud et al., 1987). 242 
Acute toxicity laboratory bioassay results for sediments collected from the St. Marys 
Riur  in 1987 (Jaagumagi a ol., 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  243 
Emtic fish introductions to Lake Superior with year of introduction or first record 
in parentheses (Lawtie, 1978). .......................................... 247 
Organic contaminants in j~venile fish from Ontario waters of the St. Marys River 

. . . . . . . . . . . . . . . .  in 1979, 1983 and 1987 (adapted from Suns et al. 1985 and 1991). 2% 
Contaminants in whole adult fish from the St Mary  River neighbouring Lakes 
Superior and Huron. (Kauss 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251 
Contaminants in dorsal fillets of adult sport fish from Ontario and Michigan waters 
oftheSt.MarysRiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  252 
Ontario long-term fish consumption advisories for the St. Mary River anglers, 

. . . . . . .  based on mercury concentration in dorsal fillets (OMOE and OMNR 1991). 255 
1987 and 1988 waterfowl breeding pair survey at Pumpkin Point, St. Marys River 

. . . . . . . . . . . . . . . . . . . . . .  (D.R. Fillman, Canadian Wddlife Service, pen. cornm.). 259 
Organochlorine contaminants in eggs of pixiv~rous birds in Lake Superior and the 
St. Marys River, 1984-1986 (Kauss 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261 
Concentrations of organochlorine contaminants and metals found in breast muscles 
of waterfowl captured in the St. Marys River AOC from the fall of 1988 to the fall 
of 1990 (Canadian Wddlife Service, unpublished data). . . . . . . . . . . . . . . . . . . . . . . . .  262 
Summary of Great Lakes Water Quality Agreement benefiaal uses and their 
significance and impairment status with regard to the St Marys River Area of 
Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  274 
Average annual 1984 through 1 9 W  loadings of BODS, suspended solids and total 
phosphorus and flow volume for the two Ontario WPCP's which discharge to the 
St. Maqs River AoC (OMOE 1985, 1986, 1987, 1988, 1989a and 1 990a). . . . . . . . . . . .  290 
D i g e  limitations and monitoring requirements (1990) for the Sault Ste. Marie, 
Michigan WWlT (MI0024058) (MDNR 1990). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  295 
Sault Ste. Matie, Michigan, WWIP June 14, 1989 compliance survey inspection 
results for metals, cyanide and detectable organic compounds (MDNR 1990). . . . . . . .  2% 
Loading summary of Ontario and Michigan point source discharges for 1986 (1989 
for Michigan WWTP) to the S t  Marys Rivtr &Id) based on point source surveys, 
self monitoring data and OMOE pilot site investigations (data from UGLCCS 
(1988) except h e r e  footnoted). Michigan WWrP is from 1989 CSI and 1990 self 
monitoringdata. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  301 

i i i  



' Table 8 5  

Table 8.6 

Table 8.8 

Table 8.9 

Table 8.10 

Table 8.1 1 

Table 8.12 

Table 8.13 

.... 

". .. 1 Table 8.14 

Table 8.15 

Table 8.16 

Mean and range of contaminant concentrations observed in Algoma Steel and St. 
Ma* Paper effluents during a one year period (1987) (from UGLCCS 1988). . . . . . .  304 
Average annual loadings in kglday and enxedences (I of months) of parameters 
under the control of a Certificate of Approval or Control Order for the Sault Ste 
Marie, Ontario industrial facilities during 1988 (OMOE 1989b) as compared to 
loadings for 1986/87 (from Table 8.4). .................................... 306 
Loadings (1988-1990). mean concentrations1 and standard deviation for selected 
con taminant? in Canadian tributaries of the St. Maqs  River (OMOE 1990b). 
A~lerage flow over the period of record is shown for each tributary except Clark 
Creek for wbkh data m o t  available. .................................. 307 
Summary of loadings in urban runoff from the Sault Ste. Maric,Ontario area during 
April 1985 to November 1986 (Marsalek and Ng 1987,1989). ................... 312 
Estimated annual loadings &Id) of six PAH compounds calculated from snowpack 
measuraents over a 2.5 month period November 15 / 1986 to February 24 / 1987 
(from Boom and Marsalek 1987). ........................................ 314 
Direct and indirect atmospheric loadings to Lakes Huron and Superior and their 
percent of total loadings (Strachan and Eisenreich 1988). ...................... 317 
Mean and range of concentrations for selected PAHs, total PAHs (12) and total 
PCBs measured in precipitation at South Baymouth, Manitoulin Island (from Chan 
and Perkins 1989). ................................................... 317 
Mean concentrations and ranges for selected organochlorine contaminants 
measured by OMOE at the Turkey Lakes station, north of Sault Ste. Marie (from 
Shackleton et al. 1989). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 7 
Comparison of loadings (kg/d) to the St. Mary River by direct groundwater 
discharge, indirect stream flow and direct Algoma plant effluent (modified from 
Beak1989) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 
Summary of spills to the St. Mary River from Canadian sources 1983 to 1989 
(UGLCCS 1988 and OMOE 1990~). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  324 
Six spills to the St. M a y  River reported to the United States Coast Guard 
(USCG) during 1988 and 1989. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  325 
Summary of Major Point, Tributary and Non-point Source Loadings to the St. 
M a y  River (kglday). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  327 



LIST OF FIGURES 

Figure 1.1 
Figure 2.1 

Flgure 4.1 
Figure 4 2  

5.1 
Figure 5 2  
figure 5 3  

Figure 5.4 

Figure 55 

Figure 5.6 

5.7 

Figure 5.8 

Figure 5.9 

Figure 5.10 

Figure 5.11a 

Figure 5.11b 

Figure 5.12 

Figure 5.13 

Figure 5.14 

Figure 5.15 

Figure 5.16 

Figure 5.17 

Figure 5.18 

Figure 6.1 

Location map of the S t  Mary River Area of Concern. . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Location of the 43 Areas of Concern in the Great Lakes Basin as identified by the 
Great Lakes Water Quality Agreement 1985. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Notification flow diagram for spills originating in Ontario . . . . . . . . . . . . . . . . . . . . . . 88 
Notification flow diagram for spills originating in Michigan . . . . . . . . . . . . . . . . . . . . . 88 
Location map of the S t  Mary River Area of Concern (UGLCCS 1988). . . . . . . . . . . . 92 
Watushcd map for the S t  M a y  River (NIS 1:29 000 Map Sheets 41J and 41K). . . . 93 
The Rapids area of the S t  M a y  River in 1888 (A) and in 1990 (B). The annual 
amrage flow d the S t  Mary River in 1990 was 1,834 m3/s. The annual average 
flow distribution through the rapids during 1990 is shown as percent next to the 
arrows @FO/USFWS, Sea Lamprey Control Office. Data Files, International Lake 
Superior Board of Contro11991 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Yearly average discharge of the S t  Marys River at Sault Ste. Marie between 1860 
and1984(Duffyad,1987). ........................................... 99 
Monthly average discharge of the S t  Marys River at Sault Ste. Marie during the 
period 1900 to 1978 (Duf'fy a al., 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Mean monthly air temperature for Sault Ste. Marie, Michigan. The means are 
calculated over a 30-year period between 1951 and 1980 puffy a d., 1987). . . . . . . . 101 
S d a a l  geology of eastern upper Michigan and northeastern Ontario (Duffy et al., 
1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Location of waste disposal sites in the immediate watershed of the St. Marys River 
AreaofConcern .................................................... 108 
Location of coastal wetland sites along the S t  Marys River (Canada-U.S. 1987. 
OMNRDataFiles) .................................................. 112 
Location of lake whitefish, lake herring and walleye spawning areas in the S t  Marys 
River (Goodycarad., 1982,Behrneraul., 1980). . .. . . . . . . . . . . . . . . . . . . . . . . . 115 
Population estimates of adult sea lamprey from 1985 through 1989. Estimates 
made through the mark and recapture method at the Clerque Generating Station 
and the U.S. Army Corps of Engineers hydroelectric plant during spawning 
(DFO JUSFWS, Sea Lamprey Control Office, Data Files). . . . . . . . . . . . . . . . . . . . . 1 17 
Spatial distribution of larval sea lamprey (arnmocoetes) in the St. Marys River, 1990 
(DFOIUSFWS. Sea Lamprey Control Office, Data Files). . . . . . . . . . . . . . . . . . . . . 117 
Areas of waterfowl congregation in the S t  Marys River (shaded areas) during 
spring and fall. Concentrations of dabbling ducks inland are only during the spring 
puffy et ul., 1987). The inset shows migration corridors for diving ducks in the 
Great Lakes region puffy et al., 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 18 
Nesting sites of selected colonial waterbirds in the St. Marys River and their 
estimated numbers in 1976 and 1977 puffy et al., 1987). . . . . . . . . . . . . . . . . . . . . . . 1 19 
Number of active and failed osprey and northern bald eagle nests and young of 
each produced from the S t  Marys River area during 1973 through 1985 puffy et 
aL.1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
Distribution of white-tailed deer winter yarding areas on islands in the S t  Marys 
River and on adjacent lands p u f f y  e t  al. 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
Location of commeraal fishing management zones near and within the S t  Marys 
River Area of Concern (OMNR and MDNR, Data Files). . . . . . . . . . . . . . . . . . . . . 123 
Average catch of fish in the St. Mary River, excluding the rapids, per angler per 
hour during 1937 to 1945 and 1971 to 1979 (Duffy et al., 1987). . . . . . . . . . . . . . . . . 127 
Location of the most commonly used water recreational areas in the St. Mary 
River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
Mapr point source dischargers and Ontario Ministry of the Environment (OMOE) 
sampling transects in 1986 and 1987 (UGLCCS 1988). . . . . . . . . . . . . . . . . . . . . . . . . 146 



Figure 6 2  

Figure 6 3  

Figure 6.4 

Figure 6 5  

Figure 6.6 

Figure 6.7 

Figure 6.8 

Figure 6.10 

Figure 6.1 1 

Figure 6.12 

Figure 6.13 

f ._-  Figure 6.14 

-- - 
Figure 6.15 

Figure 6.17 

Figure 6.18 

Figure 6.19 

Figure 6.20 

Figure 6.21 
1 ~ 

Distribution of contaminants across the S t  Marys River at transect SMD 2.6 during 
. . . . . . . . . . . . . . . . . . . . . . . . . .  the 1986 and 1987 OMOE surveys (UGLCCS 1988). 147 

Tunporal trend of total phenol amcentrations in the S t  Marys River at various 
distances downstream of the Algoma Steel discharge along the Ontario shoreline 
(UGLCCS1988) ..................................................... 149 
Ammonia (total, d t e r e d )  distribution and yearly trends along the Ontario shore 
(UGLCCS1988) ..................................................... 150 
Free cyanide (total, unfiltered) distribution and yearly trends along the Ontario 
shore (UGLCCS 1988). ............................................... 152 
Total pol-c aromatic hydrocarbons (PAHs) (nglL) associated with the aqueous 

........................ phase of S t  Marys River water, 1985 (UGLCCS 1988). 154 
Total PAHs (nglg dry weight) associated with centrifuged particulate matter in the 
S t  Marys River, 1986. (UGLCCS 1988). (T-sample taken 1 5  m below surface; 
B =sample taken 0 5  m off bottom). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155 
Location of sampling transects for the 1973 and 1974 bacteriological surveys of the 

.................................. S t  MarysRiw (Luckand Young 1978). 160 
Bacteriological conditions in the S t  Marys River, May 29 to June 5, 1973 (Luck and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Young1978) 161 
Bacteriological conditions in the St. Mays River, July 25 to July 29, 1973 (Luck and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Young1978) 162 
Bacteriological conditions in the S t  Marys River, October 12 to 18, 1973 (Luck and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Young1978) 164 
Bacteriological conditions in the S t  Marys River, April 26 to 29, 1974 (Luck and 
Young1978) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
Bacteriological conditions in the St. May River, June 16 to 20, 1974 (Luck and 
Y o q 1 9 7 8 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
Bacteriological conditions in the S t  Marys River, August 18 to 24, 1974 (Luck and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Young1978) 167 
Distribution of bottom sediment types in the St. Marys River AoC @repared by 
MDNR from OMOE - US.EPA/FWS data collected in 1985 (Appendix 6.2) and 

. . . . . . . . . . . . . . .  USACOE (1970, 1972, 1982 and MDNR (1978) unpublished data). 173 
Location of the OMOE surface sediment sampling sites on the S t  M a r y  River 
during 1985 and the location of two core samples from Lake George collected 

. . . . . . . . . . . . . . . . . . . . .  during the summer of 1986 (Hesselberg and Harndy 1987). 175 
Variation with Depth of Cesium-137 in Lake George core sediments collected in 
1986 (UGLCCS 1988). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  176 
Vertical distributions of total PCBs and DDT in Lake George sediment. Core 
sample was collected from OMOE site 102 in 1986. Core depths are represented 
by year sediment was deposited which was determined by Cesium-137 dating 
(Hesselbcrg and Hamdy 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 
Vertical distributions of total PAHs and benzo(a)pyrene in Lake George sediments. 
Core sample was collected from OMOE site 102 in 1986. Core depths are 
represented by year sediment was deposited which was determined by Cesium-137 
dating (Hesselberg and Hamdy 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179 
Concentrations of different PAHs at selected depths of a Lake George sediment. 
Core sample was collected from OMOE site 102 in 1986. Core depths are 
represented by Far sediment was deposited which was determined by Cesium-137 
dating (Hesselberg and Hamdy 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  180 
Vertical distributions of vanadium, nickel, copper and cobalt in Lake George 
sediment Core sample was collected from OMOE site 102 in 1986. Core depths 
are represented by year sediment was deposited which was determined by Cesium- 
137 dating (prepared from UGLCCS 1988). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181 



1 Figure 623 

Figure 6.25 

Figure 6% 

Figure 627 

Figure 6.28 

Figure 629 

Figure 6.30 

Figure 631 

Figure 632 

Figure 6.33 

Vertical distributions of zinc, chromium and lead in Lake George sediment Core 
sample was collected from OMOE site 102 in 1986. Core depths are represented 
by year sediment was deposited which was determined by Cesium-137 dating 
(prepared from UGLCCS 1988). ........................................ 182 
Vertical distribution of oil and grease in Lake George sediment Core sample was 
collected from OMOE site 102 in 1986. Core depths arc represented by ytar 
sediment was deposited which was determined by Cesium-137 dating (UGLCCS 
1988). ............................................................ 184 
Location of USEPA and US.FWS 1985 Jadiment samplbg sites (Hesselberg and 

...................................................... Hamdyl987). 185 
Spatial distribution of iron contamination in surfidal sediment in the S t  Maqs 
River, 1985. Sediment clasdfication is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - USEPAIFWS data collected in 1985 
(Appendix 62) and USACOE (1970,1972,1982 and MDNR (1978) unpublished 

............................................................ dab). 191 
Spatial distribution of chromium contamination in surficial sediment in the 
S t  Marys River, 1985. Sediment classification is based on "RAP Criteria 
Guidelines". (prepared by MDNR from OMOE - US-EPAIFWS data collected in 
1985 (Appendix 6.2) and USACOE (1970,1972,1982 and MDNR (1978) 

.................................................... unpublisheddata) 192 
Spatial distribution of zinc in St. Marys River surficial sediments in 1973 and 1983 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (Kauss1986). 193 
Spatial distribution of zinc contamination in surficial sediment in the St. Marys 
Rivzr, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - US-EPAIFWS data collected in 1985 
(Appendix 62) and USACOE (1970, 1972,1982 and MDNR (1978) unpublished 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  data). 194 
Spatial distribution of lead contamination in surfiaal sediment in the St. Marys 
River, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - US.EPA/FWS data collected in 1985 
(Appendix 6.2) and USACOE (1970,1972, 1982 and MDNR (1978) unpublished 
data). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spatial distribution of arsenic contamination in surficial sediment in the St. Mary 
River, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - USEPAIFWS data collected in 1985 
(Appendix 62) and USACOE (1970,1972,1982 and MDNR (1978) unpublished 
data). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spatial distribution of manganese contamination in surfiaal sediment in the 
S t  Marys River, 1985. Sediment classification is based on "RAP Criteria 
Guidelines". (prepared by MDNR from OMOE - U.S.EPA/FWS data collected in 
1985 (Appendix 62) and USACOE (1970, 1972, 1982 and MDNR (1978) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  unpublisheddata) 
Spatial distribution of nickel contamination in surfiaal sediment in the S t  Marys 
River, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - US.EPA/FWS data collected in 1985 
(Appendix 62) and USACOE (1970, 1972,1982 and MDNR (1978) unpublished 
data). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spatial distribution of copper contamination in surficial sediment in the S t  Mary 
River, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - US.EPA/FWS data collected in 1985 
(Appendix 6.2) and USACOE (1970. 1972. 1982 and MDNR (1978) unpublished 
data). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



; 
Figure 634 

Figure 635 

Figure 636 

Figure 637 

Figure 638 

Figure 639 

Figure 6.40 
Figure 6.41 

1 
Figure 6.42 

Figure 6.43 

Figure 6.44 

Figure 6.45 

Figure 6.46 

Figure 6.47 
Figure 6.48 

Figure 6.49 

Figure 6.50 

Figure 6.51 

Figure 652 

Spatial distribution of cadmium contamination in surfiaal sediment in the S t  Marys 
River, 1985. Sediment dassification is based on "RAP Criteria Guidelinesn. 
(prepared by MDNR from OMOE - USEPAIFWS data collected in 1985 
(Appcdx 62) and USACOE (1970,1972,1982 and MDNR (1978) unpublished 
data). ............................................................ 
Spatial distribution of oil and grease in S t  Marys River surfiaal sediments in 1973 
and1983(Kauss1986). ............................................... 
Spatial distribution of oil and grease contamination in surfiaal sediment in the 
S t  Marys River, 1985. Sediment c l d c a t i o n  is based on "RAP Criteria 
Guidelines'. (prepared by MDNR from OMOE - U.SEPA/FWS data collected in 
1985 (Appendix 62) and USACOE (1970,1972,1982 and MDNR (1978) 
unpuMished&ta) .................................................... 
Spatial distribution of PCBs in S t  Marys River surfiaal sediments in 1983 (Kauss 
1 w .  ............................................................ 
Spatial distribution of PCBs contamination in surfiaal sediment in the S t  Marys 
River, 1985. Sediment classification is based on "RAP Criteria Guidelines". 
(prepared by MDNR from OMOE - USEPAIFWS data collected in 1985 
(Appendix 62) and USACOE (1970,1972, 1982 and MDNR (1978) unpublished 
data). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total polyqdic aromatic hydrocarbons (PAHs) (mglkg) in surfiaal sediments of 
the S t  Marys River in 1985. Bar height is proportional to concentration; shaded 
portion of bars indicates the proportion of the total comprised of mutagenic and/or 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  carcinogenic compounds (Kauss and Hamdy 1991). 
. . . . . .  Locations of emergent maaophyte stands in the S t  Marys River (Kauss 1991). 

Biomass of drifting aquatic plant material in littoral waters of the S t  Marys River, 
. . . . . . . . . . . . . .  Febmary to March, 1985. (Source: Jude et d., 1986, in Kauss 1991). 

Abundance of copepods in open waters of the St. Marys River, November 17, 1971 
to November 17, 1972 (Selgeby 1975). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Abundance of moplankton by taxonomic group in four different habitats of the 
St. Marys River (Kauss 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Distribution and zones of impairment of benthic macroinvertebrates in the 

. . . . . . . . . . . . . . . . .  St. Marys River in 1968, 1973 and 1983 (from Burt et d., 1988). 
Distribution of Hemgenia nymphs and visible oil in the S t  Mary River sediments 

. . . . . . . . . . . .  in 1975 (Hilhmen and Schloesser 1983) and in 1985 (Burt et d., 1988). 
Distribution and zones of impairment of benthic macroinvertebrates in the 
S t  Marys River in 1985 (from Burt et d., 1988). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  S t  Marys River sediment core sampling locations, 1987. 
Production (rng dry weight/m2) of Hemgenia limbaru nymphs in the St. Marys 

. . . . . . . . . . . . . . .  River, April to October 1986 (adapted from Edsall ef d. in press). 
Sediment and oligochaete sampling stations in the St. Marys River in 1983 (Persaud 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  et d., 1987) and in 1987 (Jaagumagi et d.. 19%). 
Relationship of contaminant concentrations in benthic macroinvertebrate tissue (wet 
weight corrected for dry weight and gut contents) to those in bulk sediment (dry 
weight) samples from the S t  Marys River, 1987. AU organisms were oligochaetes, 
except for station 0006, which were Hemgenia nymphs (adapted from Jaagumagi et 
, l l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Concentrations (ng/g or ppb) of phenanthrene in 1984 and total PAHs in 1985 in 
caged mussels (EUipio complannto) after three weeks' exposure in the S t  Marys 
River (Kauss and Hamdy 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Migration of walleye in the S t  Marys River towards Munuscong Lake during 
January to February (A); and dispersal from the lake in July to August (B) puffy 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  efd.,1987). 



Figure 8.1 
Figure 8 2  

Figure 8 3  

Figure 8.4 

Figure 8 5  

Figure 8.6 

Figure 8.7 

Figure 8.8 

Figure 8.9 

Figure 8.10 

Figure 8.1 1 

Location of industrial and municipal point sources on the St. M a y  River. . . . . . . . . .  
Annual average BOD5 loadings (kgld) from 1%8 through 1989 at the East End 
WPCP, Sault Ste. Marie, Ontado (1968-1983 data from UGLCCS 1988; 1984-1989 

.................... data from OMOE 1985,1986, 1987, 1988,1989a and 1990a). 
Annual average total suspended solids (TSS) loadings &Id) from 1984 through 
1989 at the East End WPCP, Sault Ste. Marie, Ontario (1984-1989 data from 

............................ OMOE 1985,1986,1987,1988,1989a and 1990a). 
Annual average total phosphorus (TP) loadings (kgld) from 1973 through 1989 at 
the East End WPCP, Sault Ste. Marie, Ontario (1973 and 1983 data from UGLCCS 
1988,1984-1989 data from OMOE 1985,1986,1987,1988,1989a and 1990a). ........ 
Annual average flow (x ld m3/d) fnm 1984 through 1988 at the East End WPCP, 
Sault Ste. Marie, Ontario (1984-1988 data from OMOE 1985,1986,1987, 1988 and 
1989a). ........................................................... 
Carbonaceous biological oxygen demand (CBOD-Sday) loadings (kgld) to the S t  
Marys River From the Sault Ste. Marie Wastewater Treatment Plant, Michigan from 

...................... 1980 through 1989. Data for 1983 could not be obtained. 
Total suspended solids (lS) loadings &Id) to the S t  Marys River from the Sault 
Ste. Marie, Michigan Wastewater Treatment Plant from 1980 through 1989. Data 
for 1983 could not be obtained. ......................................... 
Total phosphonrs (TP) loadings (lcgld) to the S t  Marys Rinr from the Sault Ste. 
Marie, Michigan Wastewater Treatment Plant from 1980 through 1989. Data for 
1983couldnotbeobtained. ............................................ 
Lead, copper. zinc and silver loadings (kgld) during 1989 to the St. Marys River 

. . . . . . . . . . . . . . .  from the Sault Ste. Marie, Michigan Wastewater Treatment Plant. 
Flow (m3/d) to the St. Marys River from the Sault Ste. Marie, Michigan 
Wastewater Treatment Plant to the St. Marys River from 1980 through 1989. Data 
for 1983 could not be obtained. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Urban snowpack total PAH loading contoun and wind direction frequencies for 
Sault Ste. Marie. Ontario during the period November 15, 1986 to February 24, 
1987 (adapted from Boom and Marsalek 1987). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



List of Appendicies 

Apptndix 2.1 

Appendix 3.1 
Appendix 3.2 

Appendix 3 3  

Appendix 3.4 

Appendix 4.1 
Appendix 4 2  
Appendix 4 3  
Appendix 4.4 

Appendix 4 5  

Appendix 5.1 

Appendix 6.1 

Appendix 6 2  

Appendix 6 3  
) Appendix 6.4 3 

Appendix 6.5 

Appendix 6.6 

Appendix 6.7 

Appendix 6.8 
Appendix 6.9 

Guidelines For Recommending The Listing and Delisting of 
Great Lakes Areas of Concern 
St. Mary River Remdial Action Plan (RAP) Team Members 
St. Marys Riw Runedial Action Plan Reference Centres and 
Ewmple Newsletter 
St. Marys River Binational Public Advisory Council (BPAC) 
Meeting Dates a d  Locations 
St. Mary River Binational Public Advisory Council (BPAC) 
Members and Alternates 
Legislation Cited In Chapter 4 
DesiraMe Ambient Air Quality Criteria (OMOE) 
Ontario Drinking Water Quality Objectives (ODWO) 
Comparison of Michigan's Water Quality Standards W~th the Great Lakes Water Quality 
Agreement and the Great Lakes Toxic Substances Control Agreement. 
Summary of Maximum Contaminant LevelsIGoals and Monitoring Requirements for 
Community Water Systems in Michigan. 
International Lake Superior Board of Control Report On Lake Superior 
Regulation: Monthly Lake Superior Outflow 
PAH Concentrations Associated with the Aqueous Phase. Particulate Phase and 
Whole Water from the S t  Marys River, 1985 and 1986 
Results From the US. EPAIFWS and OMOE 1985 Surficial Sediment Sampling 
Surveys from the St. Marys River (from Haelberg and Hamdy 1987) 
The Provincial Sediment Quality Guidelines, March 1991 (Draft) 
Location of Biomonitoring and Sediment Sampling Stations for PAHs in the St. 
Maxy River, 1985 and Results for PAHs In Sediment (from Kauss and Hamdy 
1991) 
Species List of Macrophytes in Permanently Flooded Portions of Emergent 
Macrophytes Beds of the St. Marys River (from Duffy et al. 1987) 
Spedes List of Zooplankton Collected From the St. Marys River And Average 
Abundance in Each of Four Separate Habitats (from Duffy et al. 1987) 
Species List of Benthic Macroinvertebrates Collected From the St. M a r y  River 
(from Duffy et al. 1987) 
Species List of Fahes Identified From the St. Marys River (from Duffy et al. 1987) 
Contaminants in Dorsal Fillets of Adult Sport Fish from Ontario and Michigan Waters of 
the St. Marys River and Neighbouring Lake Superior and Lake Huron (OMOE unpublished 
data; Duling and B e ~ e  1989 and 1990) 

Appendix 6.10 Species ~ i s t  of Amphibians and Reptiles Observed and Potentially Occuning in the 
St. Marys River and V~cinity (from Duffy et al. 1987) 

Appendix 6.11 Species List of Birds Observed in the V~cinity of the St. Marys River (from Duffy et 
al. 1987) 

Appendix 6.12 Species List of Mammals Observed and Potentially Occumng in the St. Marys 
River and V~anity (from Duffy et al. 1987) 

Appendix 8.1 Michigan Water Resources Commission Authorization to Discharge Under the 
National Pollutant Discharge Elimination System (Permit No. MI0024058) 

Appendix 8.2 Report of a Municipal Wastewater Survey Conducted at Sault Ste. Marie, Michigan 
(1 989) 





1 EXECUTIVE SUMMARY 





1.1 INTRODUCTION 

The S t  Marys River ar;rs identified in 1985 by the International Joint Commission (UC) as one of 42 Areas 
of Concern (A&) in the Great Lakes Basin. Areas of Concern were identified based on known impairments 
of beneficial water uses. The St. Marys River was identified as an AoC as a result of problems associated 
with phosphorus, bacteria, heavy metals, trace organics, contaminated sediments, fish consumption advisories 
and impacted biota 

The river is an international waterway fonning a portion of the boundary between Canada and the United 
States. This Remedial Action Plan (RAP) is thus being developed as a binational effort. Ln December of 
1985 an agreement was signed by Governor James Blanchard of Michigan and Premier David Peterson of 
Ontario, formally establishing a p i t  RAP process and identifying Ontario as having the lead role for 
development of the S t  Mary River RAP. The first step in the process was the formation, in 1987, of a 
Binational Remedial Action Plan Committee, or RAP Team, comprised of representatives from the Ontario 
Ministries of the Environment and Natural Resources, the Michigan Department of Natural Resources, U.S. 
EPA and Environment Canada. 

The RAP Team has been charged with the development of a Remedial Action Plan for the St. Marys River. 
which is a staged process. This document is the first of three stages. Stage 1 is being prepared in order to 
define the problem, addressing the following requirements: 

detail existing environmental conditions in order that environmental 
problems in the St. Marp River may be defined and described; 

identify beneficial uses that are impaired, the degree of impairment and 
the geographical extent of impairment within the Area of Concern; and 

define the causes of impairment, providing an assessment of all known 
sources of pollutants and a description of other potential sources. 

In addition to the technical document to address the above, an extensive public participation program has 
been developed in order to inform the public, improve the plan by gaining information and advice from the 
public, gain support for plan implementation, and provide a mechanism for accountability to the public. 

A number of initiatives were undertaken to raise the profile of the RAP process among the general public 
through outreach activities. In particular, effort was focused on the establishment of a Binational Public 
Advisory Committee (BPAC) which could work with and advise the RAP Team on a regular basis during 
development of the RAP. The BPAC was created during the summer and fall of 1988. Its specific roles are 
to inform the RAP Team about public opinion and views regarding goals for the RAP and to assist with 
water use goals, problem identification, planning methodology, technical data, preferred remedial options, 
plan recommendations and plan adoption. 

The BPAC consists of 42 charter members, with equal representation from both Ontario and Michigan. 
Members represent a crosssection of communities and interest groups on both sides of the river. They have 
demonstrated extensive interest and knowiedge during the development of the RAP and have provided active 
and informed input throughout the process. The BPAC elected four of its members as delegates to the RAP 
Team in order to better facilitate communication. 

Agency members of the RAP Team are able to provide technical expertise, either directly or through 
communications with experts within each of their organizations. While the Ontario Ministry of the 
Environment has been charged with the lead responsibility for development of the S t  Mary River RAP, the 

t' 

Michigan Department of Natural Resources co-chain the RAP Team. Additional members represent the 



Ontario Ministry of Natural Resources. Environment Canada. Fisheries and Oceans Canada, and the US. 
Environmental Protection Agency. 

1.2 THE RAP PROCESS 

The mechanisms for a cooperative binational venture such as a Remedial Action Plan for the St Mary 
River have been established through the development of the Great Lakes Water Quality Agreement 
(GLWQA). This agrccmenf first signed by Canadian and US. governments in 1972, aras revised in 1978 and 
subsequently amended in 1987. The amending protocol in 1987 included an annex which rquired Canadian 
and US. governments to develop and implement runedial action plans for each of the Great Lakes Areas of 
Concern As outlined in the 1987 GLWQA, an Area of Concern is defined as "a geographic area that fails to 
meet the General or Specific Objectives of the Agreement where such failure has caused or is likely to cause 
impairment of beneficial use or the area's ability to support aquatic life". Fourteen use impairments are 
spedfied in the GLWQA 

1. 

ii. . . . 
w. 
iv. 
v. 
vi. 
vii. ... 
w. 
IX 

X 

xi. 
xi. ... 
m. 
xiv. 

Restrictions on fish and wildlife consumption; 
Tainting of fish and wildlife flavou~. 
Degradation of fish and wildlife populations; 
F& tumours or other deformities; 
Bird or animal deformities or reproductive problems; 
Degradation of benthos; 
Restrictions on dredging activities; 
Eutrophication or undesirable algae; 
Restrictions on drinking water consumption, or taste and odour 
problems; 
Beach dosing; 
Degradation of aesthetics; 
Added cost to agriculture or industry, 
Degradation of phytoplankton and zooplankton populations; and 
Loss of fish and wildlife habitat. 

The impairment of any one of these beneficial uses could be sufficient to list an area as an Area of Concern. 
Using this list as a basis, the UC has solicited input in the development and refinement of ListingIDelisting 
Criteria for Great Lakes AoC. In some cases, even with specific criteria outlined, it is difficult to definitively 
establish whether a beneficial use is impaired. As a consequence, the RAP Team has been rquired to 
consult with both technical experts within and outside the RAP Team, as well as with the BPAC, and to 
exercise judgement. The S t  Marys River Remedial Action Plan has used available environmental quality 
data to compare with the UC Listing Criteria, in order to determine the impairment status of beneficial uses 
in the St  Maqs River. In addition, violations of eltisting water quality criteria or effluent requirements have 
been highlighted even though a direct relationship with an impairment of beneficial uses may not be 
demonstrated. The public (both individuals and organizations) and various levels and types of government 
agenaes were included throughout the Stage I RAP development process in an attempt to reach consensus 
on the problems in the S t  Marys Rivtr. 

Annex 2 of the 1987 protocol amending the GLWQA specifies that the RAP should be submitted to the UC 
for review and comment at 3 stages. This document represents a completed Stage I outlining the definition 
and description of environmental problems, causes of these use impairments, a dexription of all known 
sources of pollutants inwlved, and an evaluation of other possible sources. 

Stage I1 wil l  define the specific goals for the Area of Concern and will describe the remedial and regulatory 
measures selected to restore beneficial water uses. The Stage I1 RAP will include: 



1. an evaluation of remedial measures in place; 

2. an evaluation of alternati= additional measures to restore beneficial 
uses and assodated costs; 

3. selection of additional remedial measures required to restore beneficial 
uses and a schedule for their implementation; and 

4. an identification of the pemns, agencies, or organitations responsible 
for implementation of the selected remedial measures. 

Stage 111 of the S t  Marys Rivtr RAP will be submitted when monitoring indicates that identified benefiaal 
uses are restored. This stage of the RAP will include: 

1. a process for evaluating the remedial measures implementation and 
effectiveness; and 

2. a description of surveiUance and monitoring programs designed to track 
the effectiveness of remedial measures, and the eventual confirmation of 
the restoration of the uses. 

1.3 CONTROL PROGRAMS 

Numerous programs, regulations, objectives, guidelines and agreements to maintain and enhance 
environmental quality are in place andlor under dcvtlopment in Ontario, Michigan and at the federal levels 
in both Canada and the United States. The Stage I RAP identifies the current regulatory tools available to 
each jurisdiction and the control mechanisms currently in place and under development An evaluation of 
existing control criteria with regards to environmental conditions provides additional focus for identifying 
impaired beneficial uses. It will provide useful direction in the development of Stage I1 and beyond in 
assessing the need for additional control in order to achieve the restoration of beneficial uses. 

1.4 DESCRIPTION OF THE STUDY AREA 

The St. Marys River Area of Concern includes the area of the river which extends from Whitefish Bay at an 
imaginary line drawn between Point Iroquois, Michigan and Gros Cap, Ontario downstream to Quebec Bay, 
Ontario - Humbug Point, Ontario in the St. Joseph Channel and Hay Point, Ontario - Point aux Frenes, 
Michigan in the West Neebish Channel (Figure 1.1). 

The St. Marys River is the outlet of Lake Superior from Whitefish Bay. It flows southeasterly through 
several channels to Lake Huron. a distance of 100 to 120 krn (63 to 75 miles) depending on which route is 
taken. The elevation of the river drops a total of 6.7 m (22 feet) over this distance, with 6.1 m (20 feet) 
occurring at the S t  Marys Rapids. The average flow volume of the St. Marys River at Sault Ste. Marie, over 
a period of 124 years, was 2,144 m3/s (75.8 x l d  dls). 

Extensive alterations to the St. Marys River at the rapids have been undertaken since the mid 1800's in order 
to facilitate ship navigation between Lakes Huron and Superior, enhance rail and vehicular traffic, and 
provide hydroelectric power. 



Figure 1 . 1  

St. Marys River Remedial Action Plan 
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The watershed of the S t  Ma- River includes all of the Lake Superior drainage basin as w l l  as a number 
of small tributaries a c h  drain directly into the river. Michigan tributaries include the Waiska, Charlone, 
Little Munllscong, Munuscong and Gogomain Riurs as 4 as several small streams. In Ontario, the main 
tributaries are the Big Carp, Little Carp, Roof Garden, Echo and Bar Rivers and Bennett, East Davignon, 
West Davignon and Fort Creeks. 

Sewral islands ha- been formed when the river divided into its numerous channels. Sugar Island is the 
largest upstream island and separates Lake George (east) and Lake Nicolet (west). Both lakes are broad 
~~ of the r i m  which unpty into downstream channels around S t  Joseph and Neebi& Islands. 
Betarten Sugar and Neebish Islands is the Middle Neebish Channel; the West Neebish Channel separates 
Neebish Island from the Michigan mainland. S t  Joseph Island is separated from Neebish Island by the 
Munuscong Channel and from the Ontario mainland by the S t  Joseph Channel. 

The S t  Marys R i w  lies at the Mction between the igneous and metamorphic rocks of the Precambrian 
Shield to the north and the sedimentary strata formed during the Ordoviaan and Silurian Periods to the 
south. These are overlain by glacial deposits including ground moraines, shallow till, end moraines and 
outwash. These in turn have been modified by glacial lake action, resulting in the deposition of lacustrine 
clays and silts which cover large portions of the study area. The lake deposits appear as flat to gently rolling 
plains in Michigan and immediately adjacent to the river in Ontario. To the north these plains give way to 
the rugged bedrock-controlled topography of the Canadian Shield. Soils consist of fine-textured clays and silt 
loams with pockets of organic material formed on the plains of Michigan and ad@cent to the river in 
Ontario; well-drained sands characteristic of the till deposits located north and west of Sault Ste. Marie. 
Ontario; and extremely wtll-drained outwash sands and gravels at the mouth of the Garden River. 

The vegetative communities of the AoC include several upland and lowiand types. Upland h a r d 4  forests 
of the Great Lakes-St. Lawrence Forest Region (sugar maple, yellow birch and red oak) occur along the 
river and adjacent to Lake Superior. Mixed hardwood-conifer Boreal forests (white spruce and poplar) occur 
in more northerly portions of the AoC. Wef forested sites consist of black spruce, tamarack and white cedar 
or black ash. Non-forested wetlands include thicket swamps, sedge and grass meadows, and marshes 
consisting of cattails and various rushes. Extensive areas of emergent marsh wetlands border the lower river. 
Chippewa County, Michigan, for example, has 4,848 ha (11,979.4 acres) of coastal wetlands. Wetlands are 
particuiarly important as habitat for fish, waterfowl and other wildlife. 

1.5 LAND USE 

Approximately 83 percent of the lands within 5 krn (3 miles) of the St. Marys River consist of undeveloped 
forest and wetlands. The remainder is used for a mix of agriculture, urban and rural residential, industry, 
commercial, and waste disposal. 

Agriculture is the second most widespread land use, with about 10 percent of the area in farmland. 
Generally, agriculture is restricted due to a S i t e d  growing season and poorly drained soils. Livestock for 
dairy and meat products and hay crops are by far the dominant agricultural activities. 

Urban areas constitute about 5 percent of the area. The largest communities include the cities of Sault 
Ste. Marie, Ontario with a population of 85,000 and Sault Ste. Marie, Michigan with 15.000 residents. These 
communities serve as the industrial and commercial centres for a large portion of northern Michigan and the 
Algoma region of Ontario. The Ontario communities also include Echo Bay and two Indian Reserves 
(Rankin Location and Garden River). 

Industry consists of tw dominant activities, steel making (Algoma Steel) and paper products (St. Marys 
Paper). Both are located in Sault Ste. Marie, Ontario. Small secondary manufacturing industries serve as 
support industries to the major steel and paper producing companies. Sand and gravel extraction for 
transportation and construction is also an important commercial activity on the Ontario side of the river. 



A further land w in the S t  Marp River AoC includes waste disposal. In Michigan, there are three 
muniapal and four industrial waste sites. The municipal sites include the Dafter, Bay Mills and Superior 
Sanitation-Rudyard landfills. The Dafter landfill is currently the only active site. Bay Mills was closed in 
mid 1991 and Rudyard was closed in early 1990. The Anderson Corporation has purchased the Rudyard site 
and installed monitoring arclls and a new leachate collection system in order to reopen the site. Both the 
Dafter and Bay Mills sites haw monitoring wells for the detection of groundwater contamination. Three 
industrial sites, Cannelton Industries. Union Carbide and the Superior Sanitation 3 mile site and all are on 
Michigan's Priority List for Evaluation and Interim Response (Act 307 List). The Soo Line Railroad waste 
site contains mostly construction and demolition debris. The Algoma Steel Slag Dump and C~ty of Sault 
Ste. Marie Cherokee Laadfill are the two waste sites in Ontario. The slag dump forms a portion of the 
shore of the river, immediately wtst of Algoma Steel. Inwstigations have identified the presence of 
numerous contaminants in groundwater within the slag. The Cherokee landfill is undergoing expansion and 
the installation of a ltachate collection system. 

1.6 WATER RESOURCE USE 

Water uses on the S t  Marys River are numerous and include the following: shipping, domestic and industrial 
water supply. hydroelectric power generation, fish and wildlife habitat, sport fishing, hunting and trapping. 
fishing and hunting by natiw people, recreational activities, and effluent receiver. 

The St. Marys River is part of the Great Lakes Seaway and the steel industry in Sault Ste. Marie requires 
coal and lignite from lower Great Lakes ports or ocean ports and iron ore and limestone from ports in the 
upper Great Lakes. Grain is also shipped through the river from Thunder Bay to the lower Great Lakes and 
overseas. A minimum depth of 8 3  m (27 feet) is required for shipping, necessitating the periodic dredging 
of sediments. Dredge spoils from navigation channels are uncontaminated and have always been approved 
for open water disposal. Dredge spoils from the Algoma slip are placed in upland facilities. 

The river is the source of drinking water for over %,000 people. Municipal intakes are located in the upper 
river at Big Point, Michigan and at Gros Cap, Ontario. There are also numerous communal and private 
intakes along the river serving permanent and seasonal residences which are not connected to municipal 
supplies. Water is also withdrawn for cooi i  and process streams at Algoma Steel and St. Marys Paper. 
Hydroelectric generating stations in Ontario and Michigan also utilize the St. Mary River. 

The St. Marys River provides a diverse and extensive fish and wildlife habitat. There are four distinct fish 
habitat types including open waters and ernbayments; emergent wetlands; sand-gravel beaches; and the 
St. Marys Rapids. Seventyfour species of fish are known to occur in the river with at least 44 species 
utilizing the wetland communities for spawning, nursing and feeding. Some common species include uout- 
perch, several varieties of minnow and shiner, yellow perch, walleye, black crappie, rock bass, smallmouth 
bass, white sucker, brown bullhead, lake hening, lake whitefish, pink salmon, northern pike and alewife. 
There are also over 180 species of waterfowi, colonial waterbirds, shorebirds, passerines and raptors which 
utilize the river and its immediate environs. Characteristic species include mallard, mergansers, black ducks. 
Canada geese, common goldeneye, blue-winged teal, common loon, ring-billed gull, common and black terns, 
cormorant, great blue heron, bald eagle, osprey, snowy and great grey owls, and peregrine and gyrfalcon. 
The most common large mammal is the white-tailed deer. Small mammals include beaver. otter, muskrat, 
mink, raccoon, American water shrew and northern water shrew. 

Commercial fishing by native peoples is only permitted in the upper reach of the St. Marys River. Lake 
whitefish and lake trout in eastern Lake Superior and upper reach of the St. Marys River and lake whitefish 
plus walleye in the North Channel of Lake Huron are the primary species and locations of commercial 
fishing activities. Native subsistence fishing for personal and family use is permitted in the St. Marys River. 
Aggregate extraction from Whitefish Bay in Lake Superior is an identified resource use conflict, as this area 
also supports important whitefish spawning grounds. Stocks of lake whitefish have been depleted in the 
lower river since the 1930's. 



Sport fishing has been a popular long-standing activity on the St. Marys River, averaging approximately 
154,799 (f 27,723) angler days per year. The catch per unit effort has declined from approximately 
1.5 fish/angler-hour in the 1930's to about 0.5 during the 1970's. The species most sought-after are lake 
whitefish, yellow perch, northern pike and brown trout in the upper river; Pacific salmon, pink salmon, rainbow 
trout, b m k  trout, brown trout, walleye, whitefish m d  white sucker at the St. Marys Rapids; and northern pike, 
yellow perch, walleye, smallmouth bass and panfishes in the lower river. The St. Marys River sport fishery is 
estimated to be worth $2.5 million (U.S.) annually to Michigan anglers. The river and area fishery has an 
estimated economic value of between $15 and $20 million (Canadian) mua l ly  to Sault Ste. Marie, Ontario. 

Hunting and trapping are significant uses of the St. Marys River Area of Concern. Mallards, ring-necked 
ducks, scaups, white-tailed deer, black bear, moose (Ontario only), ruffed grouse and snowshoe hare are the 
principal species hunted. Species most commonly trapped include beaver, mink, muskrat and otter. Martin, 
fisher and lynx are trapped in Ontario but are protected in Michigan. 
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The St. Marys River is a popular resource for recreational activities including power boating, sailing, yachting 
and houseboating. There are seven marinas located between Bruce Mines and Sault Ste. Marie, Ontario. Other 
recreational activities include waterskiing, windsurfing, skating, cross-country skiing, snowmobiling, hiking, 
picnicking and nature appreciation. 

Wastewaters from three municipal wastewater treatment plants and two industries are discharged to the river. 
The Sault Ste. Marie, Michigan Wastewater Treatment Plant (WWTP) services a population of 15,000. It has 
an average daily flow of 11.3 x 10' m3/d (3 MGD) receiving wastewater from residential and commercial users. 
Sault Ste. Marie, Ontario has two Water Pollution Control Plants (WPCP) known as the East End and West End 
WCPs.  Average daily flows for these two plants during 1988 were 34.2 x 10' m3(9 MG) and 7.7 x 10' m3 (2 
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MG), respectively. The East End facility serves a population of 52,000 with residential, commercial and light- 
~ndustrial users. The West End WPCP is the newest of the facilities serving a population of 17.500 res~dential 
and light-industrial users. 

St. Marys Paper is a g r o u n d w d  pulp and paper mill which produces 106,000 tonneslyear of paper. This 
facility discharges 23.7 x 10' m31day (6.3 MGD) of treated wastes. Algoma Steel Corporation, during 1989. 
produced 2.53 x 106m3/day tomes of raw steel and discharged an average of 486 x 103 m3/day (I28 MGD) of 
trutedwastes to the river. Production at this facility has since decreased significantly due to a strike and poor 
economic conditions. The Algoma Steel Tube Mill and Cold Mill effluent discharges to East Davignon Creek, 
which flows into the St. Marys hver .  

Non-point sources of contaminants to the river include atmospheric deposition onto the watershed, urban and 
rural runoff, storm sewers, combined sewer overflows, the resuspension of contaminated sediments, 
groundwater, and spills from ships and industries. 

1.7 ENVIRONMENTAL CONDITIONS 

1.7.1 Water Quality 

Long term monitoring of St. Marys River water quality reveal that contaminants associated with industrial and 
municipal sources have declined from the mid 1960's. Concentrations of phenols, ammonia, cyanide and 
certain heavy metals have declined from a high in mid 1960 downstream of Sault Ste. Marie, Ontario point 
sources. Tkus trend is attributed to reduced loadings from major point sources including Algoma Steel, 
St. Marys Paper and the Sault Ste. Marie, Ontario East End WPCP, as well as to incrased water flow since 
1982 resulting from increased diversion to the Clerque Generating Station. 

Transboundary contamination by phenols from Ontario to Michigan occurs in the Lake Gwrge Channel. 



Water quality in and downstream of the Algomn Slip is impaid, based on exceedences of OMOE, MWQS and 
GLWQA objectives for dissolved oxygen, turbidity, total phenols, total and uuionized ammonia, irvn and total 
phosphorus. 1986187 sampling indicates that free cyanide levels w m  below the PWQO and MWQS. Total 
polycyclic aromatic hydroc~ubon (PAH) concentrations ex& the U.S. EPA Ambient Water Qullity Criteria 
(AWQC) for Human Health Criteria for fish consumption (31 n g 5 )  (3 1 ppt) in the Algoma Slip and 
downstream from the Algoma Slag Site to the East End WPCP. Concentrations of PAHs along the Michigan 
shoreline arc similar to background, indicating no trPnsbounnPry or localized inputs. 

Total phosphorus, unionized ammonia and fecal coliforms exceeded PWQO downstream of the East End WPCP 
in 1989. 

Fecal coliform bacteria occur in densities which exceed the Provincial Water Quality Objective and Michigan 
Water Quality Standard immediately downstream of storm sewers, industrial outfalls and the East End WPCP. 
Exceedences of applicable objectives for fecal coliforms also occur downstream of the Sault Edison Power 
Canal as a result of combined sewer overflows. Exceddences of fecal coliforms occurred do- of Ehst 
End WPCP as far as Bells Point (Little Lake George). 

1.7.2 Bottom Sediment Quality 

Sediment cores from Lake George indicate that the concentrations of total PAHs, total PCBs, DDT, zinc, 
chromium. lead and oil and grease peaked in the 1960's and 1970's but have since declined. The a d  extent 
of sediment contamination by zinc and oil and grease along the Sault Ste. Marie, Ontario shoreline has also 
decreased from 1973 to 1983. ' 

Contaminants in sediments from the Algoma Slip exceed the most stringent Ontario OWDG or 'moderately 
polluted" U.S. EPA guidelines for dredged materials. These contaminants include iron, zinc, cyanide and oil 
and grease. In addition, total PAHs exceeded the proposed Ontario Sediment Quality Guideline of 2.0 mgkg. 

Sediments downstream of the Algoma Slip and along the Ontario shore, in Little Lake George and Lake George 
exceeded guidelines for dredged materials (OWDG and U.S. EPA) for iron. chromium, zinc, lead, arsenic, 
manganese, nickel, copper. oil and grease, PCBs, LOI, total phosphorus and TKN. Total PAHs exceeded the 
proposed Ontario Sediment Quality Guideline at these locations. 

Lake Nicolet exceedences included iron, chromium, zinc, lead, arsenic, manganese, nickel, copper, cadmium, 
oil and grease, PCBs. LOX, total phosphorus, and TKN. Chromium, nickel, copper, mercury (one sample). and 
PCBs were exceeded in Munuscong Lake. Chromium and cadmium exceedences occur at the head of the St. 
Marys kve r  along the Michigan shore at the Cannelton Industries waste disposal site. 

1.7.3 Biota Qual i ty 

Phytoplankton composition, low algal densities and low chlorophyll a concentrations indicate that the upper 
reaches of the St. Marys River reflect the oligotrophic nature of Lake Superior. 

The benthic macroinvertebrate community of the river is diverse with over 300 taxa recorded. 

Industrial and municipal discharges severely impact the benthic community in the vicinity of the Algom? Slip 
and in embayments on the Ontario side, downstream of the Rapids. Moderate impaiment occurs within a 
500 m (1,640 feet) wide area extending 4 km (2.5 miles) along the Ontario shore downstream of the industrial 
discharges (Algoma's Terminal Basins discharge). Recovery of the benthic community was 
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observed to begin 5 lun (3.1 miles) downstream of the Tenninal Basins discharge, with complete recovery at 24 
km (15 miles), in the lower section of Lake George. 

Reduced contaminant loadings from industrial facilities in recent years has not, however, resulted in 
improvements in the rivers benthic communities. Visible oily residues in sediments continue to be associated 
with reduced numbers or the absence of bumwing mayflies (Heuagenia limbata). The presence of high 
concentrations of oil, cyanide and heavy metals markedly depresses the production of burrowing mayflies 
(Hexagenia limbuza). There was, however, no significant relationship behueen heavy metal and organic 
concentrations in sediments and concentrations in tissues of associated benthic organisms. Uncontaminated 
mussels exposed to river water near and downstream of Ontario discharges accumulated significantly higher 
levels of certain PAH compounds than mussels introduced in the river upstream of discharges. Accumulations 
along the Michigan shore were generally at lower levels than along the Ontario shore. 

Organochlorine contaminant levels in juvenile fish from Ontario waters of the St. Marys River are below 
permissable GLWQA concentrations for the protection of fish-eating birds and animals. In whole adult fish 
homogenates from the St. Marys and Tahquamenon Rivers, only PCB levels were above the GLWQA objective 
for the protection of birds and animals which consume fish. The larger size classes of white sucker, walleye, 
northern pike and lake trout in Ontario waters currently have a consumption advisory for humans due to 
mercury contamination (in dorsal fillets). Because of PCBs in Lake Huron fish, the Michigan advisory applies 
to migratory fish from the Lake. 

Contaminant levels in dorsal fillets of adult sport fish (1986, 1987 and 1989) from Ontario and Michigan waters 
in the St. Marys River are similar and, except for mercury, below applicable Health and Welfare Canada 
guidelines and Michigan Department of Public Health trigger levels. Levels of mercury exceeded both the 
Canadian and MDPH guideline and trigger level (0.5 mgkg) in fish captured in Ontario waters downstream of 
the Rapids and in Michigan waters in Munuscong Lake. As a result, the Ontario government has issued 
restricted consumption advisories for larger sizes of lonpose sucker, white sucker, walleye, northern pike and 
lake trout. The MDPH has issued a consumption advisory for walleyes larger than 48 cm (19 inches). 

There are limited data on contaminant concentrations in birds or mammals of the St. Marys River AoC. 
Evidence to date suggests that concentrations of PCBs, p,p'-DDE and 2,3,7,8-TCDD in hemng gull eggs from 
Lake George, while elevated, are typical of other areas of the Great Lakes including Lake Superior. The 
highest PCB concentration measured in common tern eggs from the lower river was in the range that could 
produce harmful effects in eggs. There have been neither deformities documented nor reproductive problems 
reported in the St. Marys River AoC. 

The Canadian Wildlife Service conducted a study (fall 1988 to fall 1990) in order to identify and quantify the 
contaminants present in breast muscle of waterfowl from the St. Marys River. Concentrations of mercury in 
breast muscle ranged from 0.13 to 0.46 mgkg with the highest values in common mergansers. Most pesticides 
and herbicides were either not detected or very low. Concentrations of aroclor were detected in all waterfowl 
sampled with values ranging from 0.002 to 4.873 mgkg. Because there are no criterion for contaminants in 
birds the significance of these results is not known. 

1.8 ENVIRONMENTAL CONCERNS/USE IMPAIRMENT 

A determination as to whether a specific use impairment exists in the St. Marys River AoC was made using the 
ListingIDelisting Guidelines for Great Lakes Areas of Concern in conjunction with applicable standards, 
guidelines and objectives where available. In the absence of standards, guidelines or objectives, impairment 
status is based on best professional judgement from the evidence available. The status of beneficial uses as well 
as excledences of ambient standards, guidelines and objectives are summarized in Table 1.1. 



Table 1.1 Summary of Great Lakes Water Quality Agreement beneficial uses and their significance and 
impairment status with regard to the St. Harys River Area of Concern. 

R e s t r i c t j a r  on Fish d U i l d l i f e  tauqt im 
Restr ict ions on Fish Consunption 

I Consutption of  W i l d l i f e  

T a i n t i w  o f  Fish ud U i l d l i f e  Flavour 

I D e g r d o t i m  o f  Fish d U i l d l i f e  Popr la t iom 
Dynamics of  Fish Populations 

Body burdens of  W i l d l i f e  

f i sh  T l r r r t  d Mher  Deformit ies 

Stmtuo - 
lnpaired 

Requires 
assessment 

I n p i  red 

lnpaired 

Fish consutption advisories are current ly  i n  ef fect :  
Qltarfo mercury: larger sizes of 1-e sucker, whi t e  sucker, ualleye, 

northern p ike and lake t rou t  
Ilichigm mercury: St. Marys River walleye i n  excess of  48 em (19 inches) 

PCBS: res t r i c ted  consunption of  brow trout, lake t rou t  #rd rainbou t rou t  
f r m  Lake Huron and t r i bu ta r ies  

Although there are no guidelines f o r  h m n  consuption, OnNR has advlred agairtst 
the consurpt ion of kidneys and l i v e r  from m e ,  black bear and deer k c w e  of  
high cedniun levels f o r  the en t i re  Province of Ontario. 

Although there have been no conf i rned report6 o f  ta inted f i s h  f lavwr ,  phenol 
concentrations a t  levels which m y  cause ta int ing,  have been detected. A 
comprehensive study i s  rcquired t o  evaluate the status of  t h i s  benef ic ia l  use. 

Large populations o f  sea lsnprey are contr ibut ing t o  the n o r t u l i t y  o f  large 
migratory f i s h  such as salmon. 1986 through 1990 racordr ind icate 40 - 64 l r rp rey  
wounds for  every 100 s a l m  taken. Fish fwnr are diverse md healthy however, 
populations of  nat ive f i s h  have been r e e d  d r s seWrgc r  have c h m ~ e d  dw t o  
habitat al terat ion, overfishing, po l l u t i on  md stocking. 

L w  levels of PCBs, chlordane, BHC and DDT have k e n  f w d  in j w e n i l e  yellow 
perch and spo t ta i l  shiners. Adult f i s h  conta inants include mercury, PCBs, and 
detectable levels of chlordane, ODT, BHC, m c h l o r s ,  d ie ldr in ,  
pcntachlorobenzenc, hexachlorobenzene and octachlorostyrene. Ef fects  of these 
chemicals on f i sh  are not known. 

W i l d l i f e  population8 appear t o  k stable or  increasing (1.e. dorrble-breasted 
cormorants) but assessment c r i t e r i a  i s  required. C m  t e rn  populations are 
decreasing while r i ng -b i l l ed  g u l l  populations increase dw t o  a decl ine i n  nestlng 
habitat.  

Mercury concentrations i n  waterfowl breast m a t  ranged f ran  0.12 t o  0.46; aroclor 
(PCBs), detected in a l l  specinms, ranged f ran  0.002 t o  4.873 mg/kg; h W e r  there 
i s  no c r i t e r i a  avai lable f o r  assessment. 

l lrpsired duc t o  the inc idmce of  l i v e r  t w r s  i n  brown k r l l h e & a  f ran  M U I U S C ~  
Bay. white suckers, captured d a r n r t r e a  of  the Rapids along the Ontario shore i n  
1987, showed s i g i n i f  i can t l y  higer levels  of  mixed f m c t i o n  oxi&ses (MFO) in the i r  
l i ve r s  than d i d  f i s h  captured in Lake Srpcrior. This i s  l i k e l y  duc t o  
contamimnts i n  the St. Msrvs River water. sediment and benthos. 



Tahlr I .  l (Cont'cl) 

11 G L W  Beneficial Use 

Degradation of Uentlios 
Dynamics o f  Benthic Populations 

Body burdens o f  Benthic Organisms 

Restrictions on Oredging Activities 

Eutrophication o r  Undesirable Algae 

Restrictions on Driuking Water Constr~nptiou u r  Taste 
and Odour Problems 
Consumption 

/I Taste and OJour Problems 

Status 

Not Inipaird 

Inipaired 

Impaired 

Impaired 

Not Irnpairzd 

Impaired 

Significance to St. Narys River 

Bird or animal deformities have not been found in the St. Marys River Ad3 nor have reproductive 
pn~hle~lls hcen rcported. 

Benthic con~niunity health is gtwd on the Michigan side of the river. Benthic communities arc moderately 
inlpnircd on the Ontario side from the Algonla Slag Site downstream 4 km. Impairment also occun on 
11otI1 sides 14 1l1e LaLe Gc~~rge Chm~iel, willtin Little b k e  George and the I W ~ I  end o f  b k e  George. 

Arsenic, mercury and PCBs tend to hioaccun~ulate in benthic organisms. Caged nluascls placed 
downstream of the Algt~ma Slip acquired h e  highest total PAH levela. Total PAH Ievela were low in  
nlussels placed upstream of  the Algon~a Slip and near h e  Michigan shore. The efkcta o f  these 
conlan~inants on benthic organisms is not known. 

Contaminated dredge spoila from h e  Algoma Slip muat be disposed o f  on an upland waate aite. Dredge 
spoils from navigation channels have dwaya been approved for open water diaposrl. 

Sediments from the following sites: downstream o f  the Algoma Slag Site along the Ontario ahore; on bob 
sides o f  the b k e  George Channel; Little Lake George; the noithem half o f  Lake George; the Michigan 
shore adjacent to the Canwlton Industries waste site; the head of the St. Joseph and Well Neebiah 
Channels; and b k e  Munuscong had contamirunt levela that exceeded OMOE guidelines or U.S.EPA 
guidelines for h e  d ispod o f  contaminated eediment. 

Citizens have reported excessive amounts o f  algae in  embaymenla and slow moving parts o f  h e  river 
downstream of  h e  East End WPCP. Open waters o f  the St. Maryr River reflect h e  oligolrophic (nutrient 
poor) character o f  b k e  Superior waters. Conditions in  embaymenla and alow moving areas o f  the river 
have not been documented. 

Treated water consumption from municipal sources has never been restricted however, ambient conditions 
In I ~ L  water rcslricl consumphn prior ro Iwalmenr. 

Taste and tdnur problems have not been reported. 

Exceedence o f  ambient water quality criteria i n  the St. Maryr River. Localized impairment. Exccedencer 
of criteria for dissolved oxygen, turbidity, phenol#, total and unionized ammonia, iron, total phorphoms. 
PAHs and bacteria occur downstream of  Ontario discharges. Cyanide exceedencea wen  not recorded in  
the 1986187 OMOE survey. 



Table 1.1 (Cont'd) 

I! Stat- S l q ~ i f l e n s  t o  St. k y m  Rl- 
I R 

I  bed^ C l a i w  rd Cmtect  Inpaired I n  Michigan, t o t a l  bcdy contact a c t i v i t i e s  are per iod ica l l y  inpaired bc t o  
elevated bacteria Levels. Bacter ia l  densit ies have exceeded PWO md M S .  I 

Degrm&tim o f  Aesthetics lnpaired O i l  s l i c k s  dovnstrem o f  the A l g m  SLip wrd Terminel l lasin have occurred. 
F loat ing scum per iod ica l l y  occur along the nor th shore o f  Sugar lrlemi, the 
Ontario shorel ine o f  Lake George Channel and domstrem. O i l y  f ibrous m t e r i a l  
mired wi th  woody r a t e r i a l  p r r i o d i c a l l y  occur along the Ontario shoreline. 

kkkd C a t  t o  A g r i c u l t v e  d I h t r y  

D e g r d t i m  o f  P h y t a p l d t t m  d Z o o p l d t t m  
P a p l l e t i a m  

i 

Not 
lnpaired 

Loas o f  Fish ad W i l d l i f e  W h i t a t  

None docunented. 

Not 
Inpaired 
i n  open 
water 

Open water conmni ty  s t ructure and densi t ies r e f l e c t  Lake Superior. Commi t ies  
in cmbaymnts and other slow-moving areas r- i re fu r the r  assessment because of 
inpaired diat water qual i ty .  

Inpaired Signi f icant  loss of f i s h  and w iLd l i fe  hebi ta t  have occurred as a resu l t  of 
shorel ine a l terat ion,  indust r ia l izat ion,  urbenizat ion end shipping a c t i v i t i e s  
p a r t i c u l a r l y  i n  the St. Harys Rapids. 



, 

1.8.1 Restrictions on Fish and Wildlife Consumption 

1.8.1.1 Restrictions on Fish Consumption 

F& consumption advisories are in effect due to contamination by mercury. For fish caught below the 
St. Maqs Rapids, the Ontario (1991) recommended long term consumption limit is 0 2  kglweek 
(0.44 Ibslanek) for longnose suckers of 30-45 an (12-18 inches) in length, orhite suckers of 45-55 an 
(18-22 inches), or walleye of 45-65 an (18-26 inches). In Lake George, the limit is 0 2  kglweek 
(0.44 Ibslweek) of northern pike of 65-75 an (25-29 inches), lake trout of 55-65 an (21-25 inches), or 
walleye of 45-55 an (14-21). Consumption of walleye of 55-65 an (21-26 inches) should be limited to 
0.1 kglweek (0.22 Ibslweek). Meals of northern pike over 75 an (30 inches) from the St. Joseph Channel 
are Iirnited to 0 2  kg/week (0.44 lbdweek). Children under 15 and wmen of childbearing age should not 
eat fish of these size classes. 

In Michigan, restricted consumption of walleyrt in upcess of 48 an (19 inches) taken from Munuscong Bay is 
advised. Michigan consumption restrictions for Lake Huron also apply to its tributaries. Restricted 
consumption advisories have been issued for brown trout less than 53 an (21 inches), lake trout and rainbow 
trout. A no consumption advisory has been issued for brown trout over 53 a (21 inches). Consumption 
restrictions of not more than 1 meallweek have been recommended for walleye over 48 an (19 inches). 
Nursing wmen, pregnant women, women intending to have children and children 15 years and under are 
advised to limit consumption to 1 meallmonth. 

1.8.1.2 Restrictions on Wildlife Consumption 
I 

Although there are no restrictions specific to the St. Marys AoC, the Ontario M i s u y  of Natural Resources 
has recommended that kidneys and liver of moose, black bear and deer not be consumed due to e k ~ t e d  
cadmium concentrations. This advisory applies to animals taken anywhere in Ontario. 

1.8.2 Tainting of Fish and Wildlife Flavour 

The Michigan Department of Natural Resources has investigated incidental reports of tainting and has not 
found substantive evidence. A 1990 MDNR survey. conducted with local sport fishermen, reported no 
incidents of tainted fish. However, total phenol concentrations have exceeded PWOO (1986 and 1987) and 
may contribute to the tainting of fish flavour. 

1.8.3 Degradation of Fish and Wildlife Populations 

1.8.3.1 Dynamics of Fish Populations 

The St. Marys River fishery has changed considerably over time. The increasing population of adult 
spawning sea lamprey in the St. M a q s  River suggests that sea lamprey are contributing to the increased 
mortality of fish, particularly salmon and lake trout in Lakes Huron and Superior. Migratory speaes such as 
salmon show a high inadence of wunds (40-60 wounds per 100 fish, 1986-1990). The St. Marys River has 
become a mapr spawning ground for sea lamprey and the chemical treatment of lamprey larvae will be 
difficult and expensive due to the rivers large size. 

Although the sport fishery is generally healthy, populations of lake herring and lake whitefish in the lower 
river have decreased. In addition to sea lamprey increases, negative impacts to fish populations indude 
ovefishing, habitat loss and reduced populations and diversity of benthic fauna. 

. . _/ 



1.8.3.2 Body Burdens of Fish 

Analysis of whole, young-of-the-year yellow perch and spottail shinen (which are routinely sampled to assist 
in pinpointing sources of contamination) have shown that levels of PCBs, chlordane, BHC, DDT and its 
metabolites, mir- and chlorinated benzenes, aliphatia and phenols are either not detected or below the 
GLWQA objtctives for the protection of birds and animals which consume fish (Section 6.7.12). PCBs in 
adult white sucker and carp from the St. Marys and Tahquamenon Riven are above the GLWQA objtctive. 

1.8.3.3 Dynamics of Wildlife Populations 

There is no documentation indicating that wildlife populations have been impaired. It is likely that 
populations have been influenced by some habitat losses. 

1.8.3.4 Body Burdens of Wildlife 

Concentrations of mercury in waterfowl breast muscle ranged from 0.13 to 0.46 mglkg with the highest 
values in common mergansers. Most pesticides and herbicides were either not detected or very low. 
Concentrations of aroclor (PCBs) were detected in all waterfowl sampled with values ranging from 0.002 to 
4.873 mglkg. Because there are no criterion for assessment the significance of these results is not known. 

1.8.4 Fish Tumours or Other Deformities 

A relatively high inadence of Liver turnours in bullheads from Munuscong Bay, which was observed in a 
regional investigation carried out by the US. Fish and Wddlife Service (Paul Baurnann, U.S.FWS, pen. 
comm). An explanation for the cause of the liver tumours could not be determined. 

A fish tumour survey was conducted by OMOE in the St. Marys River during 1987. White sucken captured 
below the Rapids along the Ontario shoreline showed significantly higher mixed function oxidases (MFO) in 
their livers (oxygenating enzymes induced by exposure to certain chemicals) than fish captured from 
Batchawana Bay (control site) in Lake Superior. This increase likely reflects localized contamination in the 
sediments, water and benthic invertebrates of the St. Marys River (Smith et al., 1991). An abnormal 
inadence of liver neoplasms has also been identified in white suckers from the St. Mary River; however, the 
frequency was also elevated in sucken from the control population in Batchawana Bay. This data is being 
re-evaluated (Smith, OMOE, unpublished data). 

1.8.5 Bird or Animal Deformities or Reproductive Problems 

There have been neither deformities documented nor reproductive problems reported in the St. Mary River 
AoC. However, predators of pung gulls may potentially be advenely effected due to the increasing numbers 
of herring gulls, combined with low concentrations of PCBs, DDE, and other organochlorines in their eggs. 

1.8.6 Degradation of Benthos 

Benthic macroinvertebrate communities are impaired along the Ontario shore downstream of the Algoma 
Steel, St. Marys Paper and Sault Ste. Marie East End WPCP as evidenced by the presence of pollution- 
tolerant species and low diversity. Complete recovery of the benthic communities occurs in the lower section 
of Lake George, 24 krn (15 miles) downstream from the industrial discharges. Sediments within the Algoma 
Slip are acutely lethal to the larvae of the burrowing mayfly Hemgenia limbota. Sediments which have visible 
oil are characterized by the absence of Hemgenia timbata nymphs. 



Clean water fauna characterize the entire Michigan shore with the exception of the north side of Sugar 
Island and localized portions of Lake Nicolet 

1.8.7 Restrictions on Dredging Activities 

Dredge spoils from the navigation channel ha* always been approved for open water disposal (USACOE 
Data Fdes). Sediments dredged from the Algoma Slip are disposed of on upland facilities. Contaminants in 
sediments from the Algoma Slip exceed the most stringent Ontario OWDG or "moderately polluted" US. 
EPA guidelines for dredged materials. These contaminants include iron, zinc, cyanide and oil and grease. In 
addition, total PAHs exceeded the proposed Ontario Sediment Quality Guideline of 20 mg/kg. 

Sediments downstream of the Algoma Slip and along the Ontario shore, in Little Lake George and Lake 
George exceeded guidelines for dredged materials (OWDG and US. EPA) for iron, chromium, zinc, lead, 
arsenic, manganese, nickel, copper, oil and grease, PCBs, LOI, total phosphorus and TKN. Total PAHs 
exceeded the proposed Ontario Sediment Quality Guideline at these locations. 

Lake Nicolet urreedences included iron, chromium, zinc, lead, arsenic, manganese, nickel, copper, cadmium, 
oil and grease, PCBs, LOI, total phosphorus, and TKN. Chromium, nickel, copper. mercury (one sample), 
and PCBs were exceeded in Munuscong Lake. Chromium and cadmium exceedences occw at the head of 
the St. Marys River along the Michigan shore at the Cannelton Industries waste disposal site. 

1.8.8 Eutrophication or Undesirable Algae 

The open waters of the St. Marys River are characterized by phytoplankton which are typical of oligotrophic 

? waters (i.e., no evidence of eutrophication). Citizens' reports have identified localired impairmenfs due to 
the presence of algae floating on the river in some embayments and other slowmoving portions of the river. 
In 1990, large algal mats =re reported floating downstream of the East End WPCP. 

1.8.9 Restrictions on Drinking Water Consumption or Taste and Odour Problems 

1.8.9.1 Consumption, Taste and Odour 

In Michigan, ambient water quality conditions do not restrict use of the St. Marys River, subsequent to 
standard treatmenf as a source of potable water. The City of Sault Ste. Marie, Ontario now obtains 
approximately 50% of its drinking water from an intake located in nearshore Lake Superior at Gros Cap, 
upstream of point source discharges. Drinking water is also obtained from aty wells. There have been no 
instances in Sault Ste. Marie, Ontario where restrictions have been implemented by the Algoma Health Unit 
for the consumption of treated drinking water (Wes Teny, Algoma Health Unit, pen. comm.) however, 
federal, state and local agencies advise against the consumption of surface water prior to standard treatment. 

1.8.9.2 Tastes and Odour Problems 

Densities of blue-green or chrysophytic algae and concentrations of phenolic compounds do not occur at 
levels which would adversely affect taste and d o u r  of treated drinking water. Taste and d o u r  problems 
have not been reported for St. Ma* River water. 

1.8.1 0 Impairment of Ambient Water Quality 

Ambient water quality criteria have been exceeded in the S t  Marys River. Exceedences of dissolved oxygen, 
turbidity, phenols, total and unionized ammonia, cyanide, iron, total phosphorus, PAHs and bacteria have 

\ 1 been documented downstream of Ontario industrial and muniapal discharges along the Ontario shoreline. 



1986187 sampling indicates that cyanide levels were below the PWQO and MWQS criteria. Levels of 
bacteria and phenols showed uaceedencts in Michigan waters downstream of the lock. Bacterial densities, 
total phosphorus and free and unionized ammonia exceeded PWQO and MWQS dowtream of the East 
End WPCP in the Lake George Channel. 

1.8.1 1 Beach Closings and Body Contact 

Periodic advisories against s w h a i n g  and bathing have been issued in Michigan due to high bacterial 
densities downstream of combined sewer ovtrfloars hoarever, there haw been no beach dwings. The 
Sherman Park Beach, located upsvtam of all discharges, and the Sugar Island Township Park beach, located 
on Sugar Island, have not been dosed and high levtls of bacteria have not been found. 

Fecal oliform bacterial densities in urcess of the P W W  and MWQS occur in Ontario waters doamsueam 
of storm sewen, industrial outfalls and the East End WPCP. 

1 -8.1 2 Degradation of Aesthetics 

Floating scum along the north shore of Sugar Wand in Michigan is periodically reported. In Ontario, mats 
of oily fibrous material mixed with wood chips occasionally occur between Sault Ste. Marie and the Lake 
George Channel. As well. oil slicks appear from time to time downstream from the Algoma Slip and 
Terminal Basin. Since March 1990, no complaints of floating oil haw been received. This may be a result 
of improvements made at Algoma Steel (G. LaHaye, OMOE, pen. comrn.). 

1.8.1 3 Added Cost to Agriculture or Industry 

In both Michigan and Ontario, no additional costs have been required to treat water prior to use in either 
agriculture or industry. 

1.8.1 4 Degradation of Phytoplankton and Zooplankton Populations 

In open water phytoplankton and zooplankton populations are low in terms of abundance and relatively 
diverse in terms of community structure and reflect the oligouophic characteristics of Lake Superior waters. 

Phytoplankton and zooplankton populations have not been documented in nearshore areas of the St. Maqs 
River where waters are slow moving and residence is long. There is no information to determine if plankton 
populations are impaired by contaminants. An assessment of plankton in embayments and slowmoving 
waters is required because of impaired ambient water quality. 

1.8.15 Loss of Fish and Wildlife Habitat 

Fish spawning and rearing habitat in both Michigan and Ontario have been lost due to the construction of 
structures for navigation and power generation, as well as from dredging and filling activities. 

Pollutant loadings from industrial and municipal discharges and urban runoff affects sediment quality and 
benthic habitat along the Ontario shore. 

Large ships utilizing the Seaway channel impact on sediments and littoral habitat. Temporary drawdowns due 
to ship passage may also negatively impact benthos and larval fish in emergent wetlands. 

On-going aggregate extraction in Whitefish Bay of Lake Superior is being monitored to determine impacts 
on whitefish spawing grounds. 



1.9 SOURCES AND LOADS 

Contaminant loadings data are summarized for point sources including Algoma Steel, St. Marys Paper, two 
Ontario WPCPs, one Michigan WWTP and three Ontario tributaries as well as for non-point sources. The 
evaluation of non-point source loadings is based on limited data. For example, loadings data from non-point 
sources such as atmospheric deposition, urban runoff from the Sault, Michigan and from contaminated 
sediments are not available for comparison. Data limitations for point sources relate primarily to the lack of 
recent loadings at all facilities for parameters not monitored for compliance purposes (especially trace metals 
and organic contaminants). 

Point sources contributed the greatest loadings of most contaminants as compared to non-point sources. In 
particular, point sources contributed the greatest loadings of oil and grease, phosphorus, ammonia-N, suspended 
solids, chloride, iron, lead, mercury, zinc, cyanide, phenols and PAHs. Non-point sources contributed the 
largest loads of nickel (65%). PCBs (100%) and copper (29%) as well as relatively large loadings of zinc 
(25 %), lead (37 96). mercury (16 %), chloride (17-29 5%) and PAHs (34-44 96). The primary non-point source 
identified was urban runoff from Sault Ste. Marie, Ontario. 

The primary and secondary sources of contaminants and the percentage of the total loadings contributed by each 
source are identified in Table 1.2, based on data collected between 1986 and 1988 and 198911990 data from the 
Michigan WWTP. Loadings calculated from the data which are currently available indicate that Algoma Steel is 
the primary loading source of oil and grease, ammonia-N, suspended solids, chloride, iron, lead, mercury, zinc. 
cyanide, phenols and PAHs (Table 1.2). The East End WPCP is the primary contributor of phosphorus, and 
non-point loadings are the primary sources of copper, nickel and PCBs. 

Oil and grease in the St. Marys River AoC have been identified as the major cause of use impairments related 
to the degradation of benthic fauna and to the degradation of aesthetics (visual impairments). Together. the East 
End WPCP and Algoma Steel are identified as contributing over 88 percent of this contanunant to the nver. 
St. Marys Paper is the third largest contributor of oil and grease. 

Fish consumption advisories are in place due to contamination by mercury. Algoma Steel contributes the largest 
of the known loadings of mercury to the river. However, mercury from atmospheric deposition and the erosion 
of soils and bedrock, are believed to be the primary cause of this since similar consumption advisories exist for 
Lake Superior as well. 

Use impairments related to sediment contamination have been identified, based on exceedences of OMOE and 
U.S. EPA guidelines for the disposal of dredged material. The primary sources of parameters which exceed 
guidelines are Algoma Steel for oil and grease, cyanide, lead, mercury, zinc, iron, and PAHs: urban runoff and 
tributaries for nickel; and atmospheric for PCBs. Copper is contributed primarily from non-pomt sources 
(urban runoff), tributaries and the East End WPCP. Sources of chromium and arsenic resulting in exceedences 
of guidelines are not well documented, however, the Cannelton Industries Site serves as a non-point source 
(erosion) of chromium. Exceedences of sediment arsenic concentrations occurred in the Algoma Slip. 

Although not directly associated with use impairments, PAH concentrations in mussel tissue has been identified. 
The primary source of the PAHs are Algoma Steel outfalls with secondary sources associated mainly with urban 
runoff. The source of the PAHs to urban runoff is not well understood but atmospheric pathways are involved. 

Ambient water quality criteria have been exceeded in Ontario waters by concentrations of dissolved oxygen. 
turbidity, total phenols, total and unionized ammonia, free cyanide, iron, total PAHs, total phosphorus and 
bacteria. Algoma Steel is the major contributor of phenols, iron, and in past years total ammonia and cyanide; 
the East End WPCP is the major source for total phosphorus, total and unionized ammonia and bacteria. Other 
sources of fecal coliform bacteria are, CSOs (Michigan), and stormwater runoff. Ambient water quality criteria 
for phenols were exceeded in Michigan waters near Sugar Island. 



Table 12 Primary and secondary sources of contaminants to the S t  Marys River AoC based on 
loadings data collected from 1986 through 1988 (percent of total loading shown in brackets). 

1 Contaminant 1 Primarv Contributor I Secondary Contributor 1 
Oil and Grease Algoma Steel (763%) East End WPCP (10.8%) 

I P 
Total Phosphorus 1 East End WPCP (45.0%) ! Algoma Steel (16.7%) I1 

I) Ammonia-N I Alnoma Steel (925%) I East End WPCP (4.8%) 11 

Percentage calculated using maximum values of reported range. 
'No point source data available. 
Note: Loadings are compared on a relative (%) basis. Absolute loadings for some parameters are not 

significant based on comparison with guideSies/criteria. 

Suspended Solids 

Chloride* 

Copper 

Iron 

Lead 

Mercury 

Zinc 

~ickel* 

Cyanide 

Total Phenols 

Total PCBs 

~ o t a l  PAHS* 

Algoma Steel (362%) 

Algoma Steel (54.1%) 

Non-Point (293%) 

Algoma Steel (81.6%) 

Algoma Steel (41.4%) 

Algoma Steel (74.6%) 

Algoma Steel (60.7%) 

Non-Point (645%) 

Algoma Steel (99.7%) 

Algoma Steel (985%) 

Non-Point (10Wo) 

Algoma Steel (45.9%) 

S t  Marys Paper (212%) 

Non-Point (29.0%) 

East End (262%) 

Non-Point (8.Wo) 

Non-Point (37.0%) 

Non-Point (16.4%) 

Non-Point (24.6%) 

Root River (223%) 

Non-point (0.1 %) 

St  Mary Paper (0.4%) 

Non-Point (34.2%) 



2 INTRODUCTION 





2.1 BACKGROUND 

The Great Lakes are a unique natural resource containing W o  of the world's fresh surface water. These 
lakes also form a portion of the international boundary between the United States and Canada, and both 
countries have )Irisdiction over their use. 

The St. Marys River connects the two uppermost Great Lakes, Lake Superior and Lake Huron, and is a 
boundary between Michigan's upper peninsula and Ontario, The river supports large populations and diverse 
communities of fish, other aquatic life and wildlife. In addition, the river supports a variety of uses by 
humans, including but not limited to drinking and industrial water supply, and navigation. The St Marys 
River is discussed in greater detail in Chapters 5 and 6 of this document. 

To protect the Great Lakes and connecting channels, and cooperatively address problems along their 
common border, the U.S. and Canada interact through an agency known as the International Joint 
Commission (UC). The UC was established by the U.S. and Canada under the authority of the Boundary 
Waten Treaty of 1909 which sets forth the rights and obligations of both countries regarding all common 
boundary waters. The responsibilities of the UC, as identified in the Boundary Waten Treaty include 
collecting, analyzing and disseminating data, and tendering recommendations to the U.S. and Canadian 
governments regarding water quality problems in the boundary waters. As far back as 1912, the U.S. and 
Canadian governments asked the UC to investigate the extent and causes of pollution in the Great Lakes. 
The UC identified specific locations, including the St Marys River, that were polluted with raw sewage, and 
pollution sources, and recommended specific actions to control the pollution. Water borne disease epidemics 
were eventually eliminated from the Great Lakes basin as a result of such efforts. 

Concern about other water quality problems, specifically cultural eutrophication, over the years resulted in 
4 the signing of the 1972 Great Lakes Water Quality Agreement (GLWQA) by the U.S. and Canadian 

governments. This agreement affirmed both countries' determination to restore and enhance Great Lakes 
water quality, and established general and specific water quality objectives for the Great Lakes system. 

Since 1973, the UCs Great Lakes Water Quality Board (GLWQB) has identified specific areas throughout 
the Great Lakes basin having serious water quality problems. These problem areas have been described and 
evaluated in annual and biennial GLWQB reports. In 1973, these areas were called "Problem Areas", and 
they varied in size, complexity, and severity. Over the years, many of the problems have been resolved 
through the implementation of water quality standards, effluent regulations, industrial pretreatment 
programs, and construction and upgrading of wastewater treatment plants. As a result of these programs, 
and the identification of new concerns, there have been many subtractions from the original list of Problem 
Areas. 

The GLWQB recognized that the Problem Areas' approach lacked consistency in problem identification and 
assessment, as it relied on water quality indications alone. In 1981, the Problem Areas were renamed "Areas 
of Concern" (AoCs). The name change reflected the UCs desire to shift the problem perspective from 
water quality alone to an "ecosystem perspective" that is, based on environmental quality data for all media 
(i.e., water, sediment, and biota), and to evaluate the areas with uniform criteria. This new approach was 
consistent with the GLWQA of 1978. An AoC was defined by the GLWQB as an area where there is known 
impairment of a beneficial water use. In 1981, there were 39 AoCs that were divided into 2 classes based on 
the severity of the identified problems. 

The GLWQB's Report on Great Lakes Water Quality identified 43 AoCs (Figure 2.1). The St. Maxy River 
was identified as an AoC due to the following types of problems: conventional pollutants (i.e., phosphorus, 
bacteria), heavy metals, trace organics, contaminated sediments. fish consumption advisories and impacted 
biota. Sources were cited as municipal and industrial point sources, urban nonpoint sources, combined sewer 
overtlow and contaminated sediments. It was noted in the 1985 report that no problems existed along the 



Figure 2.1 

St. Matys River Remedial Action Plan 

Location of the 43 Areas of Concern in the Great Lakes Basin as identified by 
the Great Lakes Water Quality Agreement 1985 



Michigan shoreline. Since that time, cross-boundaxy movement of pollutants has been documented, and 
impacts noted. 

In its 1985 report, the GLWQB also presented a new approach for categorizing the AoCs based on the status 
of the data base, programs underway to fill data gaps, and remedial actions taken to address the identified 
problems. No effort was made to c l w  the AoCs on the severity of the problems. The jurisdictions and 
the UC acknowledged that additional, specific guidance was needed to resolve the persistent pollution 
problems that remained in most of these AoCs. Accordingly, the eight Great Lakes states and the Province 
of Ontario agreed to develop Runedial Action Plans (RAPS), or clean up plans, for those AoCs within their 
)Irisdictional boundaries. Because the St Mary River is an international waterway, this RAP is b e i i  
developed as a binational effort with Ontario and Michigan serving as lead agenaes. 

2.2 REMEDIAL ACTION PLANS AND THE AREAS OF CONCERN PROGRAM 

In 1987, the U.S. and Canadian governments signed a Protocol to amend the Revired Great Lakes Wmer 
Quality Ageement of 1978. The Protocol adds s jxdic  programs, activities and timetables that more fully 
address issues identified in the 1978 GLWQA Annex 2 of the 1987 Protocol requires the development and 
implementation of RAPS to restore benefiaal uses in the Great Lakes AoCs. These RAPS are to sene as an 
important step toward the virtual elimination of persistent toxic substances. and toward restoring and 
maintaining the chemical, physical and biological integrity of the Great Lakes basin ecosystem. The Protocol 
now established that the state, provinaal, and federal governments were responsible. for the development, 
(approval) and implementation of RAPS. The UC will, in its advisory role, review RAPS as they are 
developed, and track their implementation. 

An AoC is defined in Annex 2 as, "...a geographic area that fails to meet the General or Spedfic Objectives 

1 of the Agreement where such failure has caused or is likely to cause impairment of benefiad use or of the 
area's ability to support aquatic life". Fourteen impaired uses are specified, and the existence of any one 
could be sufficient to list an area as an AoC. The fourteen impaired uses are: 

Restxictions on fish and wildlife consumption; 
Tainting of fish and wildlife flavour, 
Degradation of fish and wildlife populations; 
Fish t w n o u .  or other deformities; 
Bird or animal deformities or reproduction problems; 
Degradation of benthos; 
Restrictions on dredging activities; 
Eutrophication or undesirable algae; 
Restrictions on drinking water consumption, or taste and odour 
problems; 
Beach closings; 
Degradation of aesthetics; 
Added costs to agriculture or industry, 
Degradation of phytoplankton and zooplankton populations; and 
Loss of fish and wildlife habitat 

In 1988, the GLWQB developed additional guidance to the parties and jlrisdictions to identify AoCs and the 
impaired uses. Proposed Listing and Delisting Criteria for Great Lakes AoCs (Appendix 2.1) identified 
specific types of geographic areas that were eligible, and established listing and delisting criteria for each of 
the 14 use impairments. As some of the criteria tend to be subjective, the jxisdictions, parties and UC must 
exerase good, sound Mdgment when listing AoCs, and when defining which uses are impaired. The goal of 
the AoC program, which is to address specific problems that affect the Great Lakes, must be kept in mind at 
all times. , 



Annex 2 of the Protocol amending the GLWQA specifies that the RAP should be submitted to the UC for 
review and comment at three stages. The three stages and the contents of the RAP at each stage are as 
follows: 

Stage 1: The problem(s) in the AoC must be defined. including (i) definition and detailed 
description of the environmental problem(s) in the AoC, and confirmation of beneficial uses 
that are impaired, the degree of impairment and the geographical extent of the impairment; 
and @) identification of causes of the use impairments, including a description of all known 
sources of pollutants and an evaluation of other possible sources. 

Stage 2 The spedfic goals for the AoC must be defined, and the remedial and regulatory 
measures selected to meet those goals described. This d o m e n t  will include: (i) an 
identification and evaluation of remedial measures in place; (ii) an evaluation of alternative 
additional measures to restore beneficial uses; (i) a selection of additional remedial 
measures to restore beneficial uses, and a schedule for their implementation; and (iv) an 
identification of persons, agencies, or organizations responsible for implementing the 
selected remedial measures. 

Stage 3: This portion of the RAP will be submitted when identified beneficial uses are 
restored. The Stage 3 RAP will include: (i) a process for evaluating the implementation and 
effectiveness of remedial measures; and (i) a description of suneillance and monitoring 
processes to track the effectiveness of remedial measures, and the eventual confirmation of 
the restored impaired uses. 

2.3 ST. MARYS RIVER REMEDIAL ACTION PLAN 

Today, the St. Marys River is used extensively for: commercial and recreational boating; fishing; swimming; 
hydro power generation; drinking and process water; and municipal and industrial waste assimilation for the 
twin cities of Sault Ste. Marie, Michigan and Sault Ste. Marie, Ontario. The cities have a combined 
population of about 100,000, with 85,000 residing in Sault Ste. Marie, Ontario. 

However, development has not been without its environmental consequences. While water entering the river 
from Lake Superior continues to be of excellent quality, industrial and municipal discharges in the Sault 
Ste. Marie, Ontario area, and to a lesser extent, downstream from Sault Ste. Marie, Michigan, have resulted 
in contaminated water, sediment and biota. As well, fish and wildlife habitat has been substantially altered 
and/or eliminated through construction of navigation locks, canal and dam structures, compensating works, 
hydro facilities, and shoreline filling and dredging. 

This document is intended to meet the requirements of a Stage I RAP for the St. Marys River. The 
problems, their causes, and the sources of pollutants of concern, as known to date, have been defined by the 
public, Michigan Department of Natural Resources (MDNR), Ontario Ministry of the Environment 
(OMOE) and other participating federal, provincial, state and local agencies. This RAP contains the 
technical documentation that will be used by the agencies and public when determining the water uses and 
goals for developing the Stage 2 RAP. In turn, the goals will establish the general direction for future 
remedial actions. 

In developing this Stage 1 RAP, available environmental quality data were compared with the listing criteria" 
to determine which uses are impaired. Ambient water and effluent quality data were compared with various 
water quality standards and effluent requirements to detect violation of existing standards and guidelines. 
Once the impaired uses and (any) other problems were identified, the causes of these problems. and the 
sources and loadings of specific contaminants of concern were determined. The public (i.e.. both individuals 
and organizations) and various levels and types of government agencies were included throughout the Stage 1 
RAP development process (i.e., see Chapter 3) in an attempt to reach consensus on the problems in the 



AoC. Involvement of those people and agencies directly responsible for developing h s  RAP will continue 
through the Stage 3 RAP. This is viewed as an important and necessary part of the RAP process if future 
improvements in the aquatic ecosystem are to reflect the scientific and economic realities, and public desires. 

As suggested above, the RAP for the St. Marys River (i.e., all stages) will essentially be a framework for 
action. Coordinated and ongoing direction for responding to environmental problems, from problem recognition 
to achieving a desired level of rehabilitation, will be provided; in this regard, it will specifically include: 

a description of the river and its related uses; 
an outline of existing environmental conditions and problems; 
a description of beneficial uses that are impaired; 
an identification of the sources or causes of the use impairment(s); 
a goal statement and related objectives; 
the identification and evaluation of remedial actions to restore beneficial 
-; 
a strategy for implementing the RAP, including confirmation of schedules, 
costs, jurisdictional responsibilities, prognosis, priority evaluation, and 
stakeholder involvement; and 
a process for evaluating remedial measure implementation and 
effectiveness, based on surveillance and monitoring until the restoration of 
beneficial uses is complete. 

This RAP (i.e., all stages) is a technical planning document for addressing aquatic ecosystem problems in the 
St. Marys River. It is not the first of such efforts. Water pollution reduction programs have been ongoing for 

.') over 40 years. Nor is it the only effort. Regulatory agencies will continue their efforts to control pollutant 
sources and improve environmental quality as the RAP is developed. Remedial actions and regulatory measures 
that are identified and immediately implementable will proceed regardless of the status of RAP. 

Development and implementation of this RAP is viewed as a long-term, iterative process. Periodic updates and 
revisions may be required as more data become available, remedial measures are implemented, and 
environmental conditions improve. The RAP process itself will eventually end when data confirm that identified 
beneficial uses have been restored, or that further use restoration is not possible. Although the RAP process 
may end, efforts to restore and enhance environmental quality will continue. 

Material for this Stage 1 report bas been extracted from numerous background technical reports, government 
publications, scientific papers and file correspondence. Of particular importance is Upper Great Lakes 
Connening ChanneLs Study (1986) and its various appendices, the St. Marys River: An Ecological Profile (Duffy 
er al., 1987). the 1987 Report on Great Lakes Water Quality prepared by the GLWQB, and Limnological and 
Fisheries Studies of the St. Marys River, Michigan, in Relation to Proposed Extension of the Navigation Season, 
1982 and 1983 (Liston et al., 1986). 

Also important are the results of unpublished data collected to confirm both old and emerging problems 
including: estimates of point and diffuse sources pollutants, zones andlor locations and sources of bacterial 
pollution, and heavy metals, and toxic organic contamination. As well, information on fish and wildlife habitat 
lost over the years. 





3 PARTICIPANTS 





3.1 THE REMEDIAL ACTION PLAN TEAM 

The RAP for the St. Marys River Ad= was initiated in 1985. Since the S t  Marys River is a shared 
international boundary, Michigan, the U.S. Environmental Protection Agency (USEPA), Ontario, and 
Environment Canada are jointly responsible for its preparation. In 1985, an agreement was signed by 
Governor James Blanchard of Michigan and Premier David Peterson of Ontario establishing that a joint 
RAP would be prepared, and giving Ontario the lead role for this endeamur. In 1987, a RAP Team was 
established to develop the plan and ensure adequate and appropriate public involvement 

The RAP Team includes representatives from the federal, state, and provincial governments. The RAP 
Team is co-chaired by representatives from the MDNR and the OMOE. A complete list of RAP Team 
members is included in Appendix 3.1. By April 1989, four members of the Binational Public Advisory 
Council (BPAC) which is described in Section 323 were elected as delegates to the RAP Team to facilitate 
communication between the RAP Team and BPAC. The governmental members of the RAP Team are 
responsible for the actual writing of the RAP. Rap Team meetings are held as needed, generally bimonthly. 

3.2 PUBLIC PARTICIPATION 

3.2.1 Background 

Development of the RAP has two mapr components: technical information compilation; and public 
participation. Public participation is an important and necessary component as it informs the public, 
improves the plan by gaining information and advice from the public, secures support for plan 
implementation, and provides a mechanism for amuntabiity to the public. The importance of public 

; consultation is underscored in Annex 2 of the amended GLWQA, which requires that the parties, in 
cooperation with state and provincial governments consult with the public as part of RAP development. 

The need for a comprehensive public participation program for the St. Marys River was recognized early in 
the process. The OMOE, as lead agency for the St. Maty River RAP, retained a consultant to assist in 
developing a public participation program. 

To assist in the dissemination of information, the RAP Team established six reference centres 
(Appendix 3.2). and developed a St. Marys River RAP Newsletter (see Appendix 3.2 for an example). The 
newsletter is available to all interested citizens. It is used to highlight various issues of concern regarding 
St. Marys River water quality, and to keep citizens apprised of the activities of the BPAC and the RAP 
Team. 

3.2.2 Displays 

Display panels were designed to communicate the goals and objectives of the St. Marys River RAP to the 
public. The display has been used at various community events, and has been successful at broadening public 
awareness about the clean-up plan. 

3.2.3 Public Meetings 

Two initial public information sessions were held on February 10, 1988, one in Sault Ste. Marie, Michigan 
and one in Sault Ste. Marie, Ontario. Formal discussions at these sessions consisted primarily of 
presentations by the RAP Team on the RAP process, documented water quality problems in the river, and 
the public involvement program. However, the primary purpose of these sessions was to develop a rapport 
with citizens, and to encourage one-on-one, informal dixussions. One hundred and five people attended the 

! afternoon information session held in Ontario, with seventyma attending the evening session in Michigan. 



A second public meeting was held in Sault Ste. Marie, Ontario on June 16, 1988; this was attended by 61 
penons. The topics of discussions were point sources, fish consumption advisories, and formation of BPAC. 
A great deal of time was allocated for attendees to make formal statements regarding their concerns. 

A third public meeting was held April 3,1989. This was a joint publiclBPAC meeting for purposes of 
presenting the findings and conclusions of the Upper Great Lakes Connecting Channels Study (UGLCCS). 
A complete listing of the public meetings, including locations, is found in Appendix 33. 

3.2.4 Binational Public Advisory Councl 

The public participation plan which was agreed to by the S t  Maqs River RAP Team included the foxmation 
of the BPAC to provide a channel for informed and continuous public participation. The S t  Marys River 
BPAC was aeated during the summer and fall of 1988. The BPAC advises the RAP Team on all aspects of 
the planning process including water use goals, problem identification. planning methodology, technical data, 
remedial action alternatives, plan recommendations, and plan adoption. 

The council consists of fourteen Ontario members and ten Michigan members from the following community 
sectors: 

Environrnen~ 
RecreationITourisrn; 
IndustryIShippinglSmall business; 
Labour, 
F&eries; 
Municipalities; 
Academic; 
Elected Officials; 
Citizens at large; 
Public Health; and 
Native Peoples 

Many of the persons nominated for the BPAC were identified as a result of their interest and informed 
participation at previous public meetings. A description of how the BPAC was established is provided by 
Schrnidtmeyer (1989). A complete list of BPAC representatives is included in Appendix 3.4. Technical 
experts as well as a number of groups with a wide range of concerns and interests are represented on the 
BPAC. 

The BPAC's adopted charge is as follow 

The BPAC shall comment on and advise the RAP Team on key aspects of RAP preparation 
and implementation. This includes: the goals of the plan, problems to be addressed, water 
uses to be restored, planning methodology, technical data, remedial action alternatives, plan 
recommendations, and plan implementation. The goal of the BPAC is to arrive at a plan 
which both BPAC and the RAP Team can come to a consensus on, and for which there is 
broad public support and commitment. 

BPAC members shall relay relevant RAP information and decisions to members of the 
groups they represent and, h e r e  appropriate, shall seek ratification of BPAC resolution by 
groups within their constituencies. 

The process of developing the RAP for the St. Mary River includes input and review and comment by the 
BPAC on the draft RAP as written by the RAP Team. To assist in this process, the RAP Team provides 
information and arranges for presentations to the BPAC as work progresses on the RAP. BPAC meetings 



are held as necessary, generally ewry 4-6 weeks. A complete list of BPAC meeting dates and discussion 
topics is presented in Appendix 33. As previously mentioned, four members of the BPAC were elected as 
delegates to the RAP Team. BPAC representation on the RAP Team has resulted in substantial 
contributions to ongoing diswsions and to the writing process. The entire BPAC has renewed and 
commented on the draft RAP chapters as they were completed by the RAP Team. 

3.3 TECHNICAL EXPERTISE 

Although a formal technical advisory committee was not organized to assist in developing the RAP, 
numerous experts were contacted to contribute relevant data, and to review the draft RAP for technical 
content and completeness. Individuals having expertise in various subjtcts relevant to the RAP were called 
on from statelprovincial, local and federal governments, including the U.S. EPA, OMOE, Environment 
Canada, US. Geological Service, U.S. F& and Wddlife Service, US. Army Corps of Engineers, Michigan 
Deparhnent of Public Health (MDPH), local health departments, and MDNR (Le., Fisheries, Parks, Waste 
Management, Groundwater, Wildlife, Coastal Zone Management, Surface Water Quality, Environmental 
Response, etc.), local parks UC, various universities, and others who had data and expertise to share. These 
individuals were also contacted for assistance with s p d c  issues as questions arose, and to give presentations 
at BPAC and public meetings. 

3.4 GOVERNMENT AGENCIES 

Government agencies participating in the development of the S t  May River RAP include the US. EPA, 
Canada Department of the Environment (DOE), MDNR, OMOE, Ontario Ministry of Natural Resources 
(OMNR) and Canada Department of Ffieries and Oceans (DFO). As specified in the 1985 letter of intent 

f signed by Governor Blanchard and Premier Peterson, the OMOE has lead responsibility for developing this .-... RAP. Members of the RAP Team from federal and statelprovincial gowmrnents are responsible for the 
actual writing of all stages of the RAP. Upper level management from these agenaes are responsible for 
reviewing and approving all stages of the RAP to be implemented by their respective agencies. Fmal 
versions of the RAP are submitted, by stage, to the UC for review and comment The JJC is responsible for 
tracking implementation of the RAPS. The agencies will incorporate appropriate UC comments into future 
revisions- of the RAP. 





4 REGULATORY PROGRAMS 





i 
Numerous programs, regulations, objectives, guidelines and agreements to maintain and enhance 
environmental quality are in place and/or under development in Ontario, Michigan, and at the federal levels 
in both Canada and the United States. Many of the programs and regulations relevant to the control and 
enhancement of environmental quality in the S t  Marys River AoC are outlined in this chapter. Legislation 
applicable to this dixwsion is listed in Appendix 4.1. The discussion is intended to outline the mapr aspects 
of the most important regulatory programs that affect environmental quality in the AoC. The chapter is 
organized by &isdiction to point out the regulatory tools that each has to work with at this point in time. It 
is not the intent to compare or contrast programs, but rather to present information that will form the basis 
of many decisions affecting the AoC. 

The determination of whether a beneficial use is impaired will be based on the UC listing/delisting criteria 
(dixussed in Chapter 2) and also to a large degree on compliance with existing policies, regulations, 
standards, etc. Of particular importance in this regard are the ambient water quality criteria that are 
established for the protection of water quality and/or water uses (by humans and other life). Although these 
criteria and their applications are discussed in detail under the appropriate &isdictional section, Table 4.1 is 
provided as a quick reference. This table summarizes the Michigan Water Quality Standards, Ontario 
Provincial Water Quality Objectives and the Great Lakes Water Quality Agreement S p d c  Objectives for 
toxic substances. All will be used to assist in the determination of whether a use is impaired and whether 
exceedences of water quality standards occur. U.S. EPA criteria are not included because they are not 
directly applicable to the AoC. 

The Stage 2 RAP will contain recommendations that are consistent with the legislation, policies, standards 
and programs described in this Chapter. Stage 2 may also recommend new programs or changes to existing 
regulatory programs if existing programs have been shown to be ineffective in protecting benefiaal uses. 

4.1 ONTARIO 

4.1.1 Environmental Legislation 

Environmental quality of the Great Lakes in Ontario is regulated by the province through federal and 
provincial environmental statutes (Table 4.2). Regulations promulgated under these statutes, (e.g. 
Ontan'o Water Resowces Act, the Oruario Environmed Protection Act and the Pesticides Acr) are intended 
to ensure that the quality of the water, biota, air, and lands are maintained within the province. 

Many of these acts and regulations provide the legislative authority to control and restrict the discharge of 
contaminants into the air or water or onto the land. They specify numerous prohibitions that define what 
constitutes a contaminant and permitible discharge. The acts specify abatement mechanisms and procedures, 
such as Control Orders and Minister's Orders which are used to specify legally enforceable control strategies. 
The acts and regulations also specify permitting processes (Certificates of Approval) to ensure adequate 
collection. handling, treatment and disposal of wastes, including wastewaters, atmospheric discharges and 
solid wastes. 

4.1.2 Water Qualrty Objectives 

Ontario established goals and policies for the management of the quality and quantity of surface and 
groundwaters in 1978 under the 0-0 Water Resowces Acz. Surface water quality must be satisfactory for 
aquatic life, recreation and potable water supply. The Provincial Water Quality Obpctives (PWQOs) are a 
set of numerical and narrative criteria to protect aquatic Life and recreation in and on surface water (OMOE, 
1984). 



Table 4.1 Applicable Surface Water Quality Criteria for Toxic Substances. 
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Table 4.1 Cont'd 
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Table 4.1 Cont'd 

Ontario Provincial 
Allowable Lsvd 

Diethythcx$phthalate --- 0.6 --- 
OtJxr phthkm --- 0.2 --- 

Tetrvhloralbyienc 16.0 -.- --- 
Etbyleac, t- 1.2-dichloro 300.0 --- --- 

Bermnc, I$-dichloro 179.0 25 -.- 

1 , 2 . 3 . 4 - T e ~ o r o b e 1 1 2 ~ ~ ~  0.76 0.1 --. 

xflw 59.0 --. .-- 

Tern n-butyl amrmniurn bromide 140.0 .-- .-- 

23.7.8-TCDD 0.0000000 14 --- --- 

Di-n-prop9 fonmmide 63.0 .-- --- 

Merauy, nrelb9 0.0013 --. --. 

Mernuy, total hltcrcd --- --- 0 1  

Mcmuy. hltcred --. 0 2  --- 

V d u m  3.73 --- --- 

Anan,nia, unionized (coldwater) a . 0  20.0(d) 20.0 
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Fluorides (soluble fluorides) 2000.0 --- --- 



Michigan Rule SI@) Ontario Rovincii QLWQA Specifi 
Allowable L.vd bU0A.p w=tii (rorl) 

O b i d m  bnA) 

H$rogen nJd& 055 2 0  --- 
DBNPA 4.0 -- --- 

Diquat I --- I 0.5 I --- 

Dalapon I --- 1 110 I --. 

Guthion --- 0.005 --- 

Malathion --- 0.1 --- 

Parathion --- 0.008 --- I 

a) See Table 4.13 for bask January 15, 1991 Update. 
b) Based on a v a t u  hardnus of 100 mglL 
c) Based on a pH of 8.0. 

f) PWOO is 1 e l L  for h d n e s  between 0-20 %IL as CaC03; 
5 @lL for hardness 20 &lL as CaC03 

g) hrganic lud for hrdntu of 0-30. 30-80 a d  80 m g l l  
d) pH and terupennur depend en^ mt to e x a d  20 e I L  -4~- 

unionized h) h per n a r r i l ~ ~  outlined in OMOE 1984 'Blue Book'. 
e) In -ten 6th hardness bctaeen 0-100 mg1L as CaC03 For i) pH dependent (Note: PWOG Guideline). 

.sten with hardous 100 mglL PWOO is 0.5 rglL 



Table 4 2  Environmental Legislation Affecting the Great Lakes and Connecting Channels. 
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Table 4 3  Ontario Provincial Water Quality Objccti~s (PWQO) for the protection of aquatic life and 
recreational uses. 
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Table 4 3  cont'd 
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Table 4 3  cont'd 

From OMOE (1984) Water Managcnmt. Go& P o b s ,  Objtctives and Implementation Procedures of the Ministry of the 
Enviromt.  Tacollto. 

+oil d G- guid&nc h a -ti= uhirb mtu: 'Oil or ptPocbenicPls h u l d  mt be -t in coaccntnticur, that: 
~ b c & ~ u a ~ b ~ e ~ ~ a r d i r c d a u r r t i o n ~ t h e s u r f ; r c e . ,  
CanbedttMedbyOdour; 
can awc tainting of tdibk aquatic orgnnima; 
can form dtposio on sborrliacs and bottom vdimcnts that am & m b l  by sight or 
odour. or are deleterious to Nidcnt auatic orp:anirmag (OMOE 1984). 

Numerical P W W s  are given in Table 43. P W W s  represent a desirable level of water quality that the 
OMOE strives to maintain in surface waters of the province. They are often the starting point in deriving 
effluent requirements. 

The PWQOs are under constant review and may be revised as more information becomes available. In 1984 
i 

the Ministry of the Environment had more than 70 substances with undefined tolerance limits for which 
there was insufficient scientific data to establish PWQOs (OMOE, 1984). The list continues to grow. In 1989 
the Ministry issued the Handbook for the Parameter Listing System which summarized the various drinking 
water quality limits established by some 16 agencies wridwide for more than 600 compounds. The presence 
and/or discharge of these compounds is evaluated on a case-bycase basis. 

The protection and control of water quantity focuses primarily on flood and erosion control. These are the 
responsibility of the Ontario Ministry of Natural Resources and local Conservation Authorities. OMOE has 
the responsibility of issuing 'water taking permits' under the Omo Water Resowres Act. 

4.1 -3 Point Source Controls 

Municipal and industrial direct discharges to receiving waten are controlled by Ontario's Municipal and 
Industrial Effluent 0bjctive-s (Table 4.4) established under the OWRA and the EPA In addition, site- 
specific effluent requirements protect the quality of the receiving water. Site specific requirements are based 
on Policy 3 of the Ministry's Water Management Goals. Policies, Objectives and Implementation Procedures 
(OMOE, 1984). 

Policy 3 dictates that effluent Sits will be established based on the waste receiving capacity of a waterbody 
and the Provincial Water Quality Ob jctives. Consideration will also be given to the Federal or Provincial 
effluent regulations or guidelines, and control of nonpoint sources of pollution. Effluent requirements will be 
determined following appropriate site specific receiving water assessments. This effluent requirement will be 
compared to Federal effluent regulations or Provincial effluent regulations or guidelines for existing or 
proposed new or expanded effluent discharges. The more stringent of the effluent requirement, regulations 
or guidelines will be imposed. The effluent requirement derived from this procedure for proposed new or 
expanded discharges will be incorporated into a Certificate of Approval in both waste loadings and 
concentrations. 



Table 4.4 Ontario Municipal and Industrial Effluent Objectives (mg/L unless noted). 
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Certificates of Approval (CofA) for treatment works are issued under the OWRA. In the past, the CofA 
was an approval to install pollution control equipment with the design specifications shown in the CofA 
Recently, some approvals include legally enforceable effluent limits which appear in the CofA 

Certificates of Approval are also issued to municipal Water Pollution Control Plants (WPCPs). These 
CofA's usually only describe control equipment modifications or specifications; however, some do contain 
effluent limits. 

The provincial EPA Sewage System Regulations set standards for the construction and operation of sewage 
systems and the licensing of related businesses. Certificates of Approval are required for all residential, 
commercial and light industrial septic systems. Municipal storm sewerwe bylaw control parameters and 
limits specify the concentration of various parameters, mainly conventional pollutants and metals. Municipal 
sanitary seweruse bylaw control parameters are similar in scope and degree of control. and apply to all 
industrial dischargers to the municipal facility. Additional pretreatment requirements, such as technology- 
based pretreatment, are not specified. However, these bylaws contain a clause enabling the municipality to 
require oil interceptors. flow monitors, manholes and treatment, as necessary, to meet the bylaw limits 
(without dilution). 

Legally enforceable Control Orden may be issued under Section 113 of the EPA to any existing plant. 
Control Orders define tasks and compliance dates by which specific tasks must be completed. 

The Guidelines for Control of Industrial Phosphorus Discharges in Liquid Effluents, issued under E P 4  are 
intended to provide guidelines for phosphorus dixharges and water quality management consistent with 
municipal sewage systems. The obpctivc of 1 mg/L phosphorus concentration in industrial effluents is based 
on the use of practicable control technology to control or eliminate phosphorus. Facilities discharging one 
million gallons per day or more of effluent are subjcct to the phosphorus limitation of 1 mg/L. 



The provincial government, in consultation with Environment Canada, published a White Paper entitled 
'Municipal-Industrial Strategy for Abatement (MISA)" in June, 1986. The White Paper provides the 
framework for the control of toxic contaminants in industrial and municipal effluents; initially, through a 
regulatory component to enforce tcchnologybased effiuent limits. The minimum pollution control 
requirement dl be based on the implunentation of "But Available Technology Economically Achievable 
(BATEA)". As treatment technologies are advanced, BATEA rquircments will be adjsted, moving towards 
the goal of virtual elimination of persistent toxic contaminants. This is consistent with the policies stated in 
the Great Lakes Water Quality Agreement as amended in 1987. Development of these controls 4 be 
accomplished through the promulgation of Effluent Monitoring Regulations and Effluent Limits Regulations 
directed at municipal and industrial sectors in order to achieve water pollution control at its source. 

Opportunity for public i n w l m e n t  has been afforded and is summarized in Public Review of the MISA 
White Paper and the OMOFs Response (MISA OMOE 1987). Under the MISA program, a monitoring 
regulation sets legal rquircments for sampling, analysis (ilncluding quality assurance and quality control), 
toxicity sampling, flow monitoring and reporting of self-monitoring information. This new regulation 
specified a list of pollutants for monitoring as per the Effiuent Monitoring Priority Pollutants List (EMPPL- 
OMOE 1987) and a set of sampling schedules for each defined industrial and municipal sector. 

The EMPPL is a list of toxic pollutants that have been detected or are potentially present in Ontario 
municipal and industrial effluent and pose a hazard to the receiving environment. The 1988 EMPPL update 
(OMOE 1989) contains 266 chemicals and includes 179 parameters from the 1987 EMPPL and 87 additional 
parameters. 

Plants which directly discharge wastewater to surface waternurses and which are subject to the MISA 
effluent monitoring regulations of Ontario, were required to prepare Initial Reports under the monitoring 

t regulations. These Reports provide details on effluent monitoring equipment, wastewater flow and process 
information of each discharger, that monitored effluent streams during a one year infonnation gathering 
period. 

The content of Initial Reports is defined by twg regulations made under the Encironmenral Rvtection Act. 
These are Ontario Regulation 695188 Effluent Monitoring - General, called the General Regulation, and a 
regulation covering an industrial grouping or sector called the Sector Regulation. When completed, the 
regulations will expand the available data base on toxic substances and result in greater uniformity in 
reporting. 

Effluent Monitoring Regulations for the nine industrial sectors were promulgated as per the schedule shown 
in Table 4.5. The Ministry of the Environment is now in the process of formulating effluent limit regulations 
for each industrial sector based on the best available technology economically achievable. It is anticipated 
that the Limits Regulations for the nine industrial sectors will be promulgated by 1992. The data collected 
under the Effluent Monitoring Regulations will be used in combination with Best Available Technology to 
establish these limits. 

Sampling methodologies and frequencies, analytical protocols, definitions and a list of the priority pollutants 
are presented in the following reports: 

A Policy and Program Statement of the Government of 
Ontario on Controlling Municipal and Industrial Discharges 
into Surface Waters (White Paper) 

The Public Review of the MISA White Paper and the 
OMOE's Response to It 

June. 1986 

January, 1987 



Table 4 5  MISA Monitoring Regulations Promulgation Dates. 

Sector Monitoring 
Regulation 

Petroleum 
Organic 
Iron & Steel 
Mining 
Pulp & Paper 
Inorganic Chemicals 
Metal Casting 
Electric Power Generation 
Municipal STP 
Industrial Minerals 

July 1988 
April 1989 
May 1989 

August 1989 
July 1989 
June 1989 

October 1989 
December 1989 
Being Revised 
December 1989 

The Effluent Monitoring Regulation for the Petroleum 
Refining Sector (Draft) 

Effluent Monitoring Priority Pollutants List (Draft) 

Report on the 1986 Industrial Direct Discharges in Ontario 

Estimation of Analytical Method Detection L i t s  (MDL) 

Kraft Mill Effluents in Ontario (Report by the Expert 
Committee members) 

The Public Review of the Draft Effluent Monitoring 
Regulation for the Petroleum Relining Sector and the Ministry 
of the Environment's Response to It 

Cost Estimates and Implications of the "Effluent Monitoring - 
General" and "Effluent Monitoring - Petroleum Refining 
Sector" Regulations for Ontario Petroleum Refineries 

Effluent Monitoring Regulations for the Petroleum Sector 

Inventory and Critical Review of Laboratory Resources (Final 
Repon) 

The Economic and Financial Profile of the Petroleum Refining 
Sector (Summary Report) 

Model Sewr Use By-Law 

Controlling Industrial Discharges to S e w n  

The Development Document for the Draft Effluent 
Monitoring Regulation for the Organic Chemical 
Manufacturing Sector 

July, 1987 

August, 1987 

October, 1987 

March, 1988 

April, 1988 

July, 1988 

July, 1988 

July, 1988 

July, 1988 

August, 1988 

August, 1988 

September, 1988 

October. 1988 



Report on the 1987 Industrial Direct Discharges in Ontario 

Effluent Monitoring Priority Pollutants List-1988 Update 

The Development Document for the Effluent Mo~t0riIIg 
Regulation for the Metal Casting Seaor 

Interim Pollution Reduction Strategy for Ontario Kraft Mills 

The Development Document for the Effluent Monitoring 
Regulation for the Electric Power Generation Sector 

October, 1988 

March, 1989 

January, 1990 

April. 1989 

February, 1990 

Copies of these reports are a d a b l e  at the MISA office. 

4.1.3.1 Compliance and Enforcement 

A number of enforcement options are available under the Environmenral Protection Act to ensure compliance 
where an adverse effect on the environment will or is likely to occur. 

Legally enforceable Control Orders may be issued to any existing plant under Section 6 of the EPA Control 
Orders define tasks and compliance dates by which specific tasks must be completed. 

Control Orders may require a facility to perform any of the following: 
limit a discharge; 
install necessary equipment; 
produce a contingency plan and have spill response equipment; 
provide financial assurance; 
repairiremediate damage to the environment; and 
stop operations. 

There are federal regulations imposed under the Fisheries Act for effluents from the mining, petroleum 
refining, and pulp and paper sectors as well as the mercury cell chlor-alkali process. As well, the federal 
Policy for the Management of Fish Habitat, established under this act, has an overall objective of 'no net 
loss' of habitat with the goals relating to habitat conservation, development, and remediation of damaged 
habitat. Certificates of Approval (CofA) for sewage works are issued under the 0-0 Woter Resources Act. 
In the past, the CofA was an approval to install pollution control equipment with the expected effluent 
quality, used as the basis for design, sometimes shown in the Cofk Recently, new sewage work approvals 
have begun to include effluent limits which are legally enforceable, since the required performance of the 
treatment system is explicitly defined. 

For non-compliance with legally enforceable limits, the Minisuy's approach is to develop an action plan to 
return the discharger to compliance. Such a plan could include enforcement measures, abatement 
negotiations or issuance of Control Orders. 

For exceedence of guideline limits, regional abatement staff assess whether the exceedence caused or would 
likely cause impairment to the receiving waters. If so, then enforcement actions may be initiated as for non- 
compliant sources above. Otherwise, Ministry staff request dischargers to take voluntary abatement 
measures and/or Ministry staff work together with the company to eliminate the exceedences. 

Remedial actions are often comply involving problem definition, development of appropriate remedial 
1 

' , '  
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measures, negotiation of abatement plans including public consultation, design, approval, construction and 
commissioning of works, and may extend over several p r s  in some situations. 



Under the EP& offenses may result in fines to individuals of up to $5.000 plus one year in jail for a first 
offense, and up to $10,000 plus one year in jail for subsequent offenses. Corporations may receive penalties 
of up to $33,000 and S1OO.OOO for first and subsequent offulses, respectively. 

Only the uaceedences of legally enforceable limits in Control Orders, Requirement and Direction, and 
Certificates of Approval could directly result in prosecutions under existing legislation. The guidelines in and 
of themselves, are not directly legally enforceable. Consequently, a separate review of guideline limit 
uaceedences is provided. 

The Ministry will continue to expect industrial dischargers to meet any numerical limits including guidelines 
until they are replaced by the technology based requirements of MISA being phased in for mapr industrial 
sectors over the next few years. 

4.1.4 Non-Point Sources 

There are limited controls under the OWRA and EPA for urban and wal/ag&ultural runoff. No control 
strategies exist for the treatment of combined sewer overflows ((CSO). However, the province has worked 
with municipalities to segregate sanitary and s tom sewers to reduce (=SOs and sewage treatment plant 
bypasses. The MISA program will consider abatement requirements for CSOs. Stormwater quality 
management is discussed in Section 4.1.4.4. 

Guidelines for snow disposal and de-icing operations in Ontario require that snow dumps be located on land, 
remote (greater than 600 feet) from surface water, and should not seriously obstruct natural drainage or 
contaminate groundwater. T h e  bulk use of de-icing compounds, other than salts, is restricted to special 
arcurnstances (e.g. a irpn  runways). A program is underway to control and mitigate leachate from salt 
storage facilities. 

Agriculture Canada and the Ontario Ministry of Agriculture and Food have instituted the Soid and Water 
Environmental Enhancement Program (SWEEP) to educate farmers on new tillage, crop rotation and soil 
conservation practices, and have provided soil testing services to assist in determining appropriate application 
rates for fertilizers and lime. Under the 0-0 Entironmental Protection Act, farmers are required to 
comply Gith the 1973 Agricultural Code of Practice for Ontario to reduce contaminant loads to receiving 
streams. The Ontario Ministry of the Environment has restricted application rates, times and contaminant 
levels in sewage sludges applied to agricultural land'pable 4.6). 

Ontario Ministry of Agriculture and Food's Land Stewardship Program provides grants for the adoption of 
conservation farming practices that will enhance and sustain agricultural production, and improve soil 
resources and water management by 1) reducing soil erosion and soil compaction, 2) restoring soil organic 
matter and structure, and 3) minimizing potential for environmental contamination from agricultural 
practices. The Land Stewardship Program consists of four components: financial assistance, research, 
education and extension, and program delivery and service. 

The Farm Pollution Advisory Committee (FPAC) is comprised of four farmers appointed by the Minister of 
the Environment under Section 3(1) of the Enurnmental Protection Act. The FPACs role is to advise the 
Minister about whether in a specific situation, animal waste is being handled and disposed of in accordance 
with "normal farming practice", and thereby not impacting the quality of nearby water bodies. This advise is 
cruaal to the Minister due to exemptions in the EPA for agriculture. 

4.1.4.1 Shipping 

Pleasure crafts are controlled by Ontario's Boating and Marine Regulations, pursuant to the 
Environmental Protection Acf. Small boats must be fitted with holding tanks to contain wastewater, which are 



Table 4.6 Ontario Metal Criteria for Land Application of Sewage Sludge.' 

Metals Maximum Permissible 
Concentration (mglkg solids) 

> 

Arsenic 170 
Cadmium 34 
Cobalt 340 
Chromium 2.800 
Copper 1,700 
Merauy 11 
Mdytxienum 94 
Nickel 420 
Lead 1,100 
Selenium 34 
Zinc 4 m  

' These values are for all aerobic sewage sludge and all dried and dewatered anaerobic sewage sludge. 
Other regulations apply for liquid anaerobic sewage sludge. 

emptied by special pumps at marinas. Non-waste water is not regulated under provincial regulations. 
Commercial shipping activities that may affect water quality are regulated under the CUM& Shipp'ng An. 
These regulations are discussed in Section 423.1. 

The provincial D u n p u s  Goo& Act reiterates the measures outlined under the federal 
Transp-on of Dangerous Goods Act. Provincial Guidelines for Environmental Protection Measures at 
Chemical Storage Facilities recommend preventive procedures consistent with those of the Manufacturing 
Chemists Association. For liquids, this wuld entail diked containment at a location away from piping and 
drainage systems, the compatibility of liquids stored in proximity and the use of safety alarms. Gases and 
volatile liquids are stored more safely in appropriately vented roof tanks with water deluge systems to 
capture any escaping soluble compounds. AU drainage and leakage from storage areas should be collected 
and treated prior to disposal. 

4.1 -4.2 Spills 

Part IX of the Envimmenral htecabn Act, referred to as the "Spills Bffl". deals with spills of pollutants into 
the natural environment from or out of a structure, vehicle or other container, that are abnormal in light of 
all arcurnstances, and which cause, or are likely to cause, adverse effects. The "Spills Bill' establishes 
notification requirements, responsibilities and compensation mechanisms, in addition to other factors. The 
Ontario Spills Action Centre, whose origin was spawned by the "Spills Bill", coordinates the Minisuy's 
response network, working closely with the Canadian Coast Guard, police and fire departments, and other 
reporting centres, as well as downstream water users in Ontario and Michigan. 

In the event of a spill OMOE spills response protocol involves site investigation, sampling and if required, 
spill modelling in order to determine downstream impacts. In addition, the Chippewa County medical officer 
of health is notified. 

4.1.4.3 Sediment Qualtty 

> The quality of sediments is assessed against contaminant concentrations established in the 1978 Revised 
1 . -  Guidelines for Open Water Disposal of Dredged Spoils (Table 4.7). The OMOE allows open water disposal 



of dredged materials with contaminant levels less than established guidelines, providing existing water uses 
are not affected. Any other suspected contaminants in the sediments are evaluated on a case-bycase basis. 

Contaminated sediments constitute a significant environmental concern in the Great Lakes Basin, and 
existing guidelines are under review by most agencies. Special advisory groups, such as the Polluted 
Sediment Subcommittee under the Canada-Ontario Agreement, have been established to review sediment 
guidelines and assessment uiteria, to evaluate dredging activities and in-place remedial options, and to 
provide q c r t  advice on infilling practices. Under the EPA the OMOE can order the removal of 
contaminated sediments. 

Biologicallybased Provincial Sediment Quality Guidelines for contaminant concentrations in sediments are 
currently under development The draft sediment quality guidelines are also presented in Table 4.7 (March 
1991 version). They will replace the open water disposal of dredged material guidelines once approved. 
These guidelines have been designed to address the significance of contaminants in in-siru sediment as 
opposed to the dredged material open water disposal criteria which only incidently provide general guidance 
on environmental protection. The sediment quality guidelines were developed specifically to protect those 
aquatic organisms that are directly impacted by contaminated sediment, Le., benthic organisms. The three 
levels of emtoxic effects are: 

No Effect Level -level at which no toxic effects have been observed on aquatic organism; 
Lowest Effect Level -level of contamination which can be tolerated by the maprity of 
benthic organisms; and 
Severe Effect Level - level at which pronounced disturbance of the sediment dwelling 
community can be expected. 

4.1.4.4 Stormwater 

The Interim Stormwater Quality Guidelines (Draft) have been developed pmtly by the Ontario Ministries of 
the Environment (OMOE) and Natural Resources (OMNR) to address the need for stormwater quality 
management in new developments in developing areas in Ontario. These guidelines are consistent with the 
approach outlined in the Urban Drainage Design Guidelines (1987a). The purposes of these interim 
guidelines are: 

a) To provide guidance to OMOE and OMNR staff in the review of 
planning documents and development proposals. 

b) To provide guidance to OMOE and OMNR staff in the requirements, 
evaluation and approval of stormwater management facilities for water 
quality control for developments proposed under the PI-ng Act. 

c) To provide municipalities with OMOE's information requirements for 
the review of planning documents and planning proposals for 
stormwater management facilities for stormwater quality control for new 
developments. 

d) To provide guidance to proponents for stormwater management for 
water quality control. 

The Interim Stormwater Quality Guidelines are intended to be reviewed and updated on an ongoing basis. 
Offices of the OMOE and OMNR request and review quality components of stormwater management 
proposals for new development under the PIanning Act. OMOE has the legislative authority to review and 
approve stormwater treatment works under Section 24 of the Otuivio Wafer Resowces Act. 

The Water Management Goals, Policies and Implementation Procedures of the Ministry of the Environment 
(Ministry of the Environment, 1984) require conservation and remedial measures for the control of nonpoint 
sources such as stormwater discharges if they are shown to cause or contribute significantly to violations of 
the Provincial Water Quality Objtctivts. 



Table 4.7 Ontario MOE Guidelines for Dredged Material Disposal in Open Water and the draft 
Provinaal Sediment Quality Guidelines (mg /kg, unless otherwise noted). 

Parameter 
I Provincial Sediment Quality 

Guidelines' 

I I I ~ e v e l  I ~evel '  
I Dredg* 

Disposal Guidelines 

Total Phoaphonrs I loo0 I - 

NO ~ffect 1  owes st I Severe 
Level Effect Effect 

Total Kieldahl Nitrogen I 2000 I 1 550 

~mmonia I 100 I I I 

Arsenic I 8 1 I 6 I 33 

Volatile Solids (Loss on 
Ignition) 

Oil & Grease 

6WJo 

lm 

Cobalt I M I -  I - I - 

Cadmium 

Chromium 

Copper I 25 1 I 16 I "0 

Cyanide I 0.1 I - I - I - 

1 

25 

Lead I 5 0 1 -  I 31 I 
Manganese I 1 1 1100 

0.6 

26 

Mercury I 0.3 1 - 1 0.2 1 2 

10 

110 

Silver 

Zinc 

Total PCBs 

Total PAHs 
- - 

Hexachlorobenzene 

Aldrin 

BHC 

uBHC 

-BHC 

Total DDT I - 1 -  1 0.007 1 12 

0.5 

100 

0.05 

r-BHC 

Chlordane 

- - -  

0.01 

(2) 

0.0002 

0.005 

0.01 

120 

0.07 

(1 Lrn) 

(0.003)a 

0.007 

820 

530 

0.02 

0.002 

0.003 

0.006 

0.005 

(Ub 
6 

24 

8 

12 

10 

21 



Table 4.7 (cont'd) 

I Parameter 

Dieldrin 

Endrin 

Heptachlor 

Heptachlor Epoxide 

I( Total Organic Carbon (TOC) 

I Provincial Sediment QU& 

Ontario MOE Guidelines' 

No Effect Lowest Disposal Guidelines Level 
Severe 

Effect Effect 
I I ~evei  I   eve^' 

Note: Lowest Effect Levels and Severe Effect Levels for organic parameters are based on the 5th and 95th 
percentiles, respectively of the Screening Level Concentration (SLC) unless noted otherwise: 
a -10% SLC. -90% SLC. 

0 denotes tentative guidelines. 
no guideline developed. 
values < 10 have been rounded to one significant digit, values greater than 10 have been rounded to 

twv significant digits. 
Numbers in this column (organic parameters only) are to be convened to bulk sediment values by 

multiplying by the actual TOC concentration of the sediments (to an maximum of IWO), e.g., 
analysis of a sediment sample gave a PCB value of 30 pprn and a TOC of 5%. The value for PCB 
in the Sexre Effects column is first converted to a bulk sediment value for a sediment with 5% 
TOC by multiplying 530 X 0.05 = 26.5 ppm as the Severe Effect Level guidelines for that 
sediment. The measured value of 30 pprn is then compared with this bulk sediment value and is 
found to exceed the guideline. 

The interim stormwater guidelines are applicable to any new development in developing areas reviewed 
under the Ranring Act. Application of the guidelines will depend on the sensitivity of the waterbody that the 
stormwater is being discharged to. These guidelines could also provide direction in the review of 
undertakings subject to the Envimnmenral Arsessmem Act, other legislation or other agency programs. 

The development criteria contained in the Interim Stormwater Quality Control Guidelines can be 
implemented within legislative, policy and administrative procedures already a d a b l e  to the tw ministries. 
Therefore, it represents no new policy initiatives or development design techniques, rather, it formalizes how 
established design and planning tools can be applied and how the two ministries can coordinate their 
activities and effectively relate to other agencies. 

The Ontario Urban Drainage Management Program (UDMP) is designed to encourage good drainage 
planning and apply good practices in stormwater management, including preparation of Watershed Plans, 
Master Drainage Plans, and Stormwater Management Plans; mapr and minor drainage systems in design, 
and erosion and sediment control during construction. Taro documents have been released by the Ontario 
Urban Drainage Implementation Committee in support of the UDMP: Urban Drainage Design Guidelines, 
1987. and Guidelines on Erosion and Sediment Control for Urban Construction Sites. 1987. 



The UDMP deals mainly with stormwater quantities. Control of stormwater pollution in new developments 
is envisioned mainly as erosion and sediment contrd during construction. The UDMP is wluntary at this 
time. This position will be re-evaluated after sufficient experience is gained. 

OMOE's Pollution Control Planning (PCP) Program funds the abatement of pollution in existing urban 
areas. This PCP Program is carried out on an 'as needed basis", separately from urban drainage planning 
such as Master Drainage and Stormwater Management Plans. The PCP Program d m ;  however, provide 
input to urban drainage planning activities where multi-source water quality problems (especially wet weather 
sources) exist 

4.1.5 Wetlands and Shorelands 

Physical alterations to Ontario Crown lake, river and stream beds and adjacent to shorelands are regulated 
by tbe Public Londr Acr (1980). This act provides for a wrk permit and associated review process which, 
among other things, allows authorities to ensure critical M and wildlife habitat will not be destroyed or 
harmed by the wrk proposed. Fisheries habitat such as spawning, nursery and feeding sites, as well as 
migration routes, is afforded more direct protection by means of the Fuhen'es Act. This is a federal statute 
which is enforced by both provincial and federal agencies. 

Ontario provincial agenaes and the federal government have entered into a Habitat Management Agreement 
whereby fish habitat, which includes many wetland areas, is to be protected and opportunities for 
rehabilitation are considered where feasible. A draft wetlands policy is currently under review and is 
expected to be in place soon. It will give special recognition to the values provided by the most significant 
classes of wetlands in the province. 

f 4.1.6 Solid, Liquid & Hazardous Waste Controls 

Solid and hazardous waste programs are implemented by the provincial government mainly under the 
Environmerval htecfion Act. The EPA Waste Management-General Regulations describe the classification 
and approval of waste disposal sites and waste management systems. Standards for the location, 
maintenance and operation of a landfill site are outlined, including measures to be taken for the collection 
and treatment of contaminant. for the prevention of water pollution. These include locating the landf111 site 
above, or isolated from, the maximum ground water level to protect the aquifer, and allowing sufficient 
distance from water sources to prevent contamination, unless all leachate is collected and treated. The 
implementation of the Waste Management General Regulations and related poliaes are summarized in The 
Incorporation of the Reasonable Use Concept into the Ground Water Management Activities of the Ministry 
of the Environment." In addition to landfill record-keeping requirements, an expanded manifest system was 
recently implemented under EPA Regulation 309 to ensure the registration of wastes by generators, and 
proper handling, shipping and disposal by caniers and receivers. The Hauled Liquid industrial Waste 
Disposal Sites Regulations (EPA Regulation 808) prescribes standards for the operation and maintenance of 
all Ministryapproved industrial sites. One requirement is that ground water and surface water quality in and 
around the site shall be regularly monitored. 

The Guidelines for the Treatment and Disposal of Liquid Indusuial Wastes in Ontario applies to Ministry- 
approved waste treatment and disposal processes or sites (except those covered by other regulations or 
guidelines). These Guidelines list various industrial wastes and recommend a corresponding treatment and 
disposal process. 

The provincial Waste Management PCB Regulations require owners or generators of PCB wastes to keep 
records regarding the waste's nature, quantity, storage method and location on-site (or transportation offsite), 
while awaiting final resolution of the waste. Standards for the location, maintenance and operation of mobile 

I, 
PCB destruction facility waste disposal sites are included in the Mobile PCB Destruction Facilities 



Regulation. T m  such companies operate in Ontario. Maximum point of impingement l e d  are imposed 
on air emissions of PCBs, chlorinated dibuuodioxins, and chlorinated dibemofurans. All solid wastes 
generated must be disposed of at a certified waste disposal site. 

4.1.7 Pesticides 

The provincial PcrP'ddeJ Act (1980) prohibits, in general, the discharge or emission of pesticides that wuld 
cause or be likely to cause damage to the environment, animal or plant Life, or human health greater than 
the impairment that muld necessarily result from the proper use of the pestiade. A license to carry out 
exterminations and other requirements such as application methods, permits, safety precautions, and use 
restrictions for specific pesticides are outlined in the Pestiadu (General) Regulations. 

The only agricultural pestiade program is the Integrated P u t  Management Program, administered by 
OMAF, which provides advice on pesticide use to farmen. This program is not directed at environmental or 
water quality protection. 

4.1.8 Air Quality 

Air quality in Ontario is regulated under Regulation 308 of the Ontario Enknmenral Protection Ad. Under 
this regulation, the Ministry of Environment may prepare an "Air Pollution Index" to express the relative 
levels of air pollution. As an index level is approached or exceeded, the Ministry of Environment, in 
consultation with the Ministry of Health, may order curtailment of the operation of sources of air pollution. 
The Regulation also identifies the maximum concentration of contaminants at a point of impingement from a 
source of contaminant, other than a motor vehicle. The maximum concentrations are outlined in 
Appendix 4.2. 

Monitoring is most extensive for ozone, sulphur dioxide, carbon monoxide. total suspended particles and 
partide-bound lead. Less extensive monitoring is conducted for oxides of nitrogen, hydrocarbons, reduced 
sulphur and other constituents of the particulate matter. Ontario MOE also conducts ambient air quality 
monitoring in Sarnia, W~ndsor and Sault Ste. Marie, measuring similar parameters as above. A report is 
issued annually. 

The Ontario MOE Air Resources Branch conducts studies of long range transportation and deposition to the 
Great Lakes, specifically for toxic contaminants. There is one permanent air monitoring station, near Lake 
Huron, inwlved in this study area. 

4.1.9 Fish Consumption Advisories 

Ontario has established concentration limits for boneless skinless fillets of dorsal muscle based on guidance 
from Health and Welfare Canada and the Fedeml F d  & lkug Act (Table 4.8). Ontario has used these 
limits to establish restricted consumption guidelines. Fish contaminant data is not generally evaluated on the 
basis of mean or avlcrage contaminant values. Rather a geometric regression analysis of length versus 
contaminant concentration is done to determine at what size a particular sample collection analyzed 
individual may exceed a particular Health and Welfare Canada criterion. At the size where the 
concentration exceeds the criterion, restricted consumption is advised (or no consumption, in the cases of 
women of child-bearing age and children under 15 years of age) for fish in that size category and above. 
Mercury also has a "No Consumption" guideline, above which no consumption is advised for all populations. 
Ontario publishes its consumption advisories for various fish species, sizes and locations annually in "Guide 
to Eating Ontario Sport Fish". 
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Table 4.8 Canadian Legal Limits for contaminants in commercial fish (mglkg). 

Parameter Concentration in Edible 
Portion H & W  

Total Mercury 
PCBs 
Dieldrin 
DDT + metabolites 
Endrin 
Heptachlor/H. epoxide 
Lindane 
Mirex 
2,3,7,8-TCDD 
Lead 
Toxaphene 
Chlordane 
Malathion 
Parathion 

* U.S. EPA 1989. Assessing Human Health Risks from Chemically Contaminated Fish and Shellfish: 
A Guidance Manual. September 1989. EPA-503/8-89-002. Washington D.C. 

t Legal limit for agricultural chemicals in general. 
t Currently under review. 

L 6 In areas where lead is considered to be in the organic form. 

While there are no Federal guidelines for the levels of copper, nickel, MC, cadmium, manganese, chromium, 
arsenic, and selenium in fish, they are usually not detected in trace levels in Ontario sport fish. Based on the 
guidelines for levels in other food stuffs, there is no need to suggest restrictions on the consumption of fish. 
This is also the w e  for hexachlorobenzene. 

4.1.1 0 Drinking Water Objectives 

The Ontario Drinking Water Obpctives (ODWOs) are used to assess the suitability of surface water supplies 
for treatment and public consumption. The ODWOs specify that three types of drinking water quality 
objectives shall be recognized; Maximum Acceptable Conunuations, Interim Maximum Acceptable 
Concentrations, and Maximum Desirable Concentrations. These are described below. Drinking water 
quality objectives are provided in Appendix 4.3. 

This term is used for limits above which there are known or suspected adverse health effects. The presence 
of a substance in drinking water at a l e d  in excess of its maximum acceptable concentration shall be 
grounds for rejection of the water unless effective treatment is available. The length of time the maximum 
acceptable concentrations can be exceeded without injury to health will depend on the nature and 
concentration of the contaminant; however, no drinking water can be permitted to exceed these limits 
continuously. The MAC5 are developed under the authority of the 0-0 Waer Resomes Act. They are 
based on known or suspected human health effects and may be made into enforceable standards through 
inclusion in Certificates of Approval. The proposed Sa$ Drinking Water An, however, would make them 
enforceable standards. 

. /" 



This term is used to describe limits for substances of current concern with known chronic eflects in mammals 
and for which there are no established maximum acceptable concentrations. Although toxicological, 
epidemiological and health data are available for such substances the data are subject to public and scientific 
debate before agreement on a maximum acceptable concentration. The IMAC will generally be a 
conservative value subpct to change as more precise information becomes available. When a substance is 
detected at a concentration abow its IMAC, it will signal the need for more sampling and investigation. 
Requirements for corrective action will be on a case-by-case basis. 

This term (formerfy 'Maximum Desirable Concentration') is used for limits on substances which, when 
present at concentrations above the objectives, are either aesthetically obpctionable to an appreciable 
number of consumers or may interfere with good water quality control practices. These limits are not legally 
enforceable; however, should not be exceeded whenever a more suitable supply or treatment process is, or 
can be made available at a reasonable cost. 

A water supply system is defined as including the w r k s  and auxiliaries for collection, treatmen& storage and 
distribution of the water from the source of supply to the free-flowing outlet of the ultimate consumer. 

The limits apply to all water supply systems which provide water for domestic purposes and serve more than 
five private residences or are capable of supplying water at a rate greater than 05  litres per second 
(OWRIAcf 1980). Although a water supply serving five or fewer private residences is excluded from the 
application of the limits, it is desirable that the quality of water from these supplies should not be inferior to 
that supplied to the public in general. 

The establishment of a limit should not be regarded as implying approval of the degradation of a high quality 
supply to the specific level. The limits have been derived from the best information currently available; 
however, the development of drinking water objectives is an ongoing process. Scientific knowledge of the 
complex inter-relationships that detennine water quality continues to increase, as does the understanding of 
the physiological effects of the substance. present in water. Also, new chemical substances are continually 
introduced into the environment, many of which may contaminate drinking water supplies. Therefore, it may 
be necessary to revise the established limits or detennine limits for other substances as additional and more 
sipficant data become available. 

4.1.1 1 Water Treatment Processes 

Water treatment processes may be operationally divided into two categories: conventional and specialized 
treatment. Conventional treatment is considered to be processes that are comhonly used to condition 
surface and groundwaters. Specialized treatment is used for unusual or uncommon treatment requirements, 
particularly for the control of specific contaminants such as trace organic chemicals. Components of 
treatment processes and their modification of water quality are summarized in Table 4.9. 

Conventional treatment mostly inmlns coagulation/flocculation, sedimentation and filtration. The main 
technologies for specialized treatment include adsorption, air stripping, ion exchange/removal and oxidation. 
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Table 4.9 Water treatment processes. 

Process I Pur~ose 

Aeration Removal of wlatile taste and d o u r  compounds and other dissolved 
gases (i-e. HS, CHS 

Oxygenation and deoxygenation 
Oxidation (iron) 

Presedimentation I Removal of rtadilv settleable oartiadate matter 

Chemical Oxidation Disinfection, biological control 
Taste and d o u r  control 
Oxidation of dissolved metals (iron, manganese) 
Oxidation of some organic chemicals; colour removal enhancement 

Coagulation-flocculation Destabilization of colloidal material and macro-molecules and 
agglomeration of settleable or filterable particulates for the removal 
of turbidity and colour 

Sedimentation Removal of settleable flocculated particulates prior to tiltration 

Fd tration Removal of particulates, polishing of water through physical and 
chemical /biological processes 

Dual chemicalphysical filters (iron and manganese removal) 

Softening 

Carbon Adsorption 

Reduction in hardness through the removal of calcium and 
magnesium by precipitation or ion exchange 

Taste and odom control 
Colour reduction assistance 
Removal of some organic chemicals including trihalomethane 
vrecursors 

4.2 CANADA 

4.2.1 Environmental Legislation Relevant to the Great Lakes 

Under the Canadian Constiuuion Act of 1867, the provinces and territories have been given authority over 
most natural resources and water quality except on federal property, international issues and in other specific 
areas of federal juisdiction. However, the federal government acts in an advisory capacity on many issues by 
recommending guidelines to the provinces. Table 4.10 lists the significant legislation from which specific 
environmental regulations and programs are deriwd. 

4.2.2 Point Sources 

The Frrh&'es Act is the most significant Federal Statute for the protection of fish habitat from chemical 
pollution. Promulgated in 1977, the habitat protection provisions of the Act provide for the protection of fish 
and fish habitat from disruptive and destructive activities. Section 33(2) of the Act provides comprehensive 
powers to protect fish, fish habitat and human use of fish by prohibiting the discharge of deleterious 
substances to Canadian fisheries waters and is legally enforceable when an impact on fish or fish habitat can 
be shown. A deleterious substance is defined by Section 33(11) as any substance or water that has been 
processed or changed which, if added to the system, wuld degrade the quality of the water so that it is 

-. J rendered deleterious to fish or fish habitat. 



Table 4.10 Canadian Environmental Legislation. 

I Canada Legislation 
Media w Activitv ~ddressed 

B C D E  
+ 
3 1 1 1  
2 3 
3 3 1 1  

3 3 
3 3 

Significant Act elaborated on in the text. 

A: Ambient Surface Water and Ground Water 
Quality and Management 

B: Sediment Quality and Management 
C: Biota Quality, Habitat Management and Habitat 

Protection 
D: Industrial Point Source Discharge Control 
E: Municipal Point Source Discharge Control 
F: Solid and Hazardous Waste Management 
G: Pesticide Manufacture and Management 
H: Urban Runoff and Combined Sewer Overflow 

Management 
I: Air Point Source Discharge and Ambient Air 

Quality Control 

K: Spills and Shipping Activities 
L: Drinking Water Quality Control and 

Management 
M: F& Consumption Guidelines or Advisories 

1: Legislation is responsible for legally enforceable 
standards andlor has direct authority over the 
media or activity. 

2: Legislation provides non-enforceable guidance 
or authority over media or activity. 

3: Legislation is not directly applicable to the 
media or activity, but medialactivity may be 
impacted by execution of its legislative mandate. 

J: ~ ~ r i i t u r a l  Land Management 

Federal effluent regulations and guidelines for various industrial sectors are promulgated under Section 36 of 
the Firheria Act, and are based on the application of best practicable technology. In general. regulations set 
national effluent limitations that apply to new and expanded plants, and guidelines set minimum acceptable 
standards that apply to existing plants. To date, Frrhe& Act regulations and guidelines have been 
promulgated for the pulp and paper, mining, petroleum refining, metal finishing, chloralkali and mercury 
sectors. Some of these regulations and guidelines are m e n t l y  being updated. Only one of these 
regulations, the Pulp and Paper Effluent Regulations and Guidelines (1991). has applicability to the 
S t  Marys River. 

Federal guidelines for effluent quality and wastewater treatment at federal establishments apply to all 
effluents discharged from landbased establishments under the direct authority of the federal gowmment, 
excluding vehicles and vtssels. These guidelines have been developed and are administered by Environment 
Canada, and are revised and amended periodically to reflect new developments in technology and changing 
circumstances. Effluent guidelines for wastewater from federal facilities are to be q u a l  to or more stringent 
than provincial standards. The guidelines contain both general and specific limits, and apply primarily to 
domestic-type effluents. General limits describe, qualitatively, the effluent quality (eg., it should be free 
from materials harmful to aquatic life). Spedfic limits set numerical concentrations for conventional 
pollutants (Table 4.1 1). 



The Corrrrda Wmer Act provides for water quality management authorities under agreement with the province 
of Ontario. The Canada-Ontario Agreement Respecting Great Lakes Water Quality (COA) covers water 
quality objectives, monitoring requirements and shared cost programs. This agreement is a public contract 
between the federal and provindal government in which those governments agree to undertake and 
coordinate activities within their jlrisdiction to fulfil the GLWQA requirements. 

All but Section 9 of the Enbimnmenrcll Contaminants Act has been repealed and replaced by the Canadian 
Enbimmntal Pmedon Act, 1988 (CEPA). Under this legislation, the federal government restricts the 
phosphorus content in detergents to 5 percent by weight (expressed as phosphorous pentoxide) or 2.2 percent 
by weight (expressed as elemental phosphorous). In addition, the act identifies spedfic chemicals subject to 
regulation. Chemicals which arc currently prohibited from commercial, manufacturing or processing uses 
include certain poly9-dorinated biphenyls (PCBs), dodecachloropentacyclodecane, certain polybrorninated 
biphenyls, cblorofluoro-carbons and polychlorinated terphenyis. In addition, draft regulations have been 
prepared under this act for pulp and paper mills to prohibit the commeraal, manufacturing or processing 
uses of certain chlorinated dioxins and furam as v d  as to regulate their maximum ooncentrations in 
products and environmental releases. Regulations can also be developed for other chemicals if the chemical 
is demonstrated to be toxic. 

Municipal effluent objcctivts have been recommended to the provincial governments who, in turn, have 
established minimum treatment requirements for their municipal facilities by limiting the concentration of 
total phosphorus in their effluents. 

Table 4.1 1 Canadian and Ontario Effluent Guidelines. 

Parameter 

BoDS (mg/L) 
Suspended Solids (mg/L) 
Oil and Grease (mglL) 
Ammonia-Nitrogen (mg/L) 
Fecal Coliforms MFI100 ml 
pH SU units 
Total Phenols (mg/L) 
Total Phosphoms (rng/L) 
Total Residual Chlorine (mglL) 
Cadmium (mg / L) 
Chromium (mg /L) 
Copper (mg/L) 
Lead (rng/L) 
M e r w  (mg/L) 
Nickel (rng /L) 
Tm (mg /L) 
Zinc (mg/L) 

Ontario 
Industrial Effluent 

Objectives 

15 
15 
15 
10 

Canadian 
Municipal Effluent 

Objectives 

20 
25 
15 

400 
6-9 

0.02 
1 
0.5 



4.2.3 Non-Point Sources 

The Soil and Water Environmental Enhancement Programme (SWEEP) has been instituted by Agriculture 
Canada and the Ontario Ministry of Agriculture to educate farmen about new technologies, the benefits of 
crop rotation, and other soil conservation practices. New agricultural practices such as these are being 
promoted in an effort to reduce contaminant and nutrient loadings and soil erosion to adjacent surface water. 

4.2.3.1 Shipping 

The Cunudu Slrippng An controls pollution from ships. Regulations haw been passed under this Act 
directed at shipping activities that may impact water quality, including the control of the discharge of oil, 
vtssel wastes and shipboard wastes. Under these regulations, the vtssel may be fitted with a patent sewage 
treatment plant, which treats sewage to secondary standards, and reduces both suspended solids and the five 
day biological oxygen demand to 50 mglL. The altemativc requires the vessel to be fined with a holding 
tank which must be emptied on shore. In both cases, a 90 percent reduction ocaus, and the remaining 
treated effluent is disinfected. 

The protection of the environment and human health from chemical spills during transportation or storage is 
regulated by both the provincial and federal governments. The T m - o n  of Dongerorcs Goo& Act 
prescribes safety requirements, standards and safety marks on all means of transport across Canada. 

4.2.4 Hazardous Waste Control 

Environmenral Pnuecfion Act, Environment Canada has the authority to control the manufacture, transport, 
use, disposal, import and export of chemicals and wastes (e.g. PCBs, PCB products and Mirut). The main 
thrust of this Act is the creation of 1) the Domestic Substances Lit, which will eventually be a list of all 
chemicals manufactured and imported to Canada, including toxicity data; 2) the Priority Substances List, 
which is a list of chemicals under active study by Environment Canada due to concerns over their toxicity, 
and 3) the Toxic Substances List, which is a list of all chemicals deemed a danger to the environment and for 
which regulations must be promulgated. The Toxic Substances List includes PCBs, polybrorninated 
biphenyls, chlorofluorocarbons, pdychlo~ated terphenyk, asbestos. lead, mercury and vinyl chloride. 

4.2.5 Pesticides 

The principal statute controlling pesticides in Canada is the Pest ConflOl h & a s  Act (PCPA) administered 
by Agriculture Canada. The PCPA sets out regulations regarding the registration, safety and manufacturing 
of control products to protect human health, and the host plant, animal or article. 

Registering pesticides and other control products under the PCPA in Canada provides additional information 
on registration and labelling requirements such as warning symbols and content description. Under the 
PCPq the Minister of Agriculture Canada can establish independent Boards of Inquiry to advise hirnlher on 
whether pest control products should be registered. For example, in the recent case of alachlor, a Board of 
Inquiry was established and then disbanded after making their recommendation to the Minister. 

Nonregulatory programs at the federal level include a pest management scheme that may reduce reliance on 
pesticides. The principal approach to reducing reliance on chemical pest control is known as integrated pest 
management, and is currently being researched by Agriculture Canada. 



4.2.6 Air Qualrty 

The Ganadian Uean Air Act was repealed and replaced by the Canadian Environmental Protection Act. 
CEPA regulates atmospheric emissions of toxic chemicals including asbestos (from mines and mills), lead 
(from secondary smelters), mercury (from chloralkali mercury plants) and vinyl chloride (polyvinyl chloride 
plants). CEPA can also be used to regulate any toxic substance which is released into the air and which 
creates, or may reasonably be anticipated to create, air pollution in other countries. 

Air quality objectives have also been established as a guide in developing programs to reduce the damaging 
effects of air pollution. The national objectives assist in establishing priorities for reducing contaminant 
levels and the extent of pollution control needed, provide a uniform yardstick for assessing air quality in all 
parts of Canada, and indicate the need for and extent of monitoring programs. The Maximum Acceptable 
L e d  is intended to provide adequate protection against effects on soil, water, vegetation, materials, animals, 
visibility, personal comfort and well-being. The Maximum Desirable Level defines long-term goals and 
provides a basis for an anti-degradation policy in unpolluted areas of the country. The Maximum Tolerable 
L e d  denotes concentrations of air contaminants that require abatement without delay to avoid deterioration 
of air quality to a l e d  that endangers the prevailing Canadian lifestyle or, ultimately, pose substantial risk to 
public health. 

4.2.7 Fish Consumption Advisories 

The federal Food and Drug Act authorizes Health and Welfare Canada to establish tolerances for chemical 
substances in fish and fishery products intended for human consumption. These criteria have been adopted 
by the Province of Ontario, and are discussed in Section 4.1.9. 

' 4.2.8 Great Lakes Water Qualrty Working Group 

A federal interdepartmental Great Lakes Water Quality Working Group has been established to encourage 
interdepartmental cooperation in government programs which are designed to help restore and secure the 
chemical, phpical and biological integrity of the Great Lakes. More specific objectives of the Working 
Group include ensuring and preserving an adequate water quality and quantity for use by wildlife, fish and 
other organisms, and humans. 

4.3 MICHIGAN AND UNITED STATES 

4.3.1 Water Qualrty Standards 

Existing and future uses of Michigan surface waten are protected under the Michigan Water Resources 
Commission Act, 1929 PA 245, as amended. The Act, under Sections 2 and 5. provides for the Part 4 Rules 
of the Water Resources Commission (WRC) which are Michigan's Water Quality Standards (WQS). These 
Standards (1) establish water quality requirements applicable to the Great Lakes, their connecting waterways, 
and all other surface waten of the state, (2) protect public health and welfare, (3) enhance and maintain the 
quality of water. (4) protect the state's natural resources, (5) meet the requirements of the federal Clean 
Water Act, (6) are consistent with the U.S.-Canada Great Lakes Water Quality Agreement, and (7) are 
legally enforceable. 

The WQS, filed with the Secretary of State on November 14, 1986, were approved by the U.S. EPA pursuant 
to Section 303 of the Clean Water Act. Therefore, Michigan WQS supersede the U.S. EPA criteria for 
Michigan surface waters. This discussion focuses on the Michigan WQS. Copies of the Water Resources 
Commission Act and the Water Quality Standards are available upon request from the Michigan Department 
of Natural Resources (MDNR), Surface Water Quality Division. 



Michigan WQS are currently undergoing a triennial review, as rquired by the Clean Water Act NO 
substantive changes to the standards are proposed at this time. Therefore, the following discussion will also 
be applicable once the new standards art approved. As part of the triennial review, a comparison was made 
of Michigan's WQS and the Great Lakes Water Quality Agreement (GLWQA) objtctives. The WQS were 
found, ourall, to be COllSiStcnt with the goals and specific objectives of the GLWQA The report of the 
comparison is provided in Appldix 4.4. 

The Water Quality Standards designate specific uses as a minimum basis for which all Michigan surface 
waters must be protected These uses include agricultural, industrial, and public water supply, use by 
Prarmwater fish, other indigenous aquatic life, and wildlife; navigation; and partial body contact recreation 
(e.g. fishing and boating). Additional protection is afforded to waters that are protected for use by coldwater 
M, this includes the Great Lakes, their connecting waters (except for the Keartenaw Waterway), and all 
waters designated by the Michigan Department of Natural Resources (MDNR) as trout streams or trout 
lakes. All waters of the state are designated for, and shall be protected for, total body contact recreation 
(e.g. swimming) from May 1 to October 31. The WQS also specify that all waters be protected for the most 
restrictiu of all applicable designated uses. The standards also define parameters and criteria levels 
necessary to protect a waterbody for its designated uses. Specific WQS are stated which set forth minimum 
and maximum levels for certain water quality parameters (Table 4.12). 

Toxic substances are controlled under a narrative rule (Rule 323.1057) spedjing that they shall not be 
present in Michigan waters at concentrations that are, or may become, injrious to the public health, safety 
or welfare; plant and animal life; or the designated uses of those waters. Rule 57 is applicable to the 2% 
chemicals and classes of chemicals listed on the 1984 Michigan Critical Materials Register; the priority 
pollutants and hazardous chemicals in the Code of Federal Regulations; and any other toxic substances 
determined by the WRC to be of concern at a specific site. 

Specific, allowable levels of toxic substances may be established by the MDNR under Rule 57. Specific 
guidelines for the development of allowable levels of toxic substances in surface water haw been developed 
and are available upon request from the MDNR, Surface Water Quality Division. FoUowing these 
guidelines, concentrations of toxic substances in surface water necessary to protect aquatic life, wildlife and 
human health (life cycle safe and cancer risk) are calculated. The most restrictive concentration is used as 
the allowable level in surface water. Nowable levels of toxic substances in surface water are given in 
Table 4.13. Allowable levels for certain toxic substances may be water body specific. For example, the 
toxicity of some heavy metals is dependent on the hardness of the water. Therefore, allowable levels for 
those metals are also dependent on water hardness. 

Portions of waterbodies can be designated as mixing zones which are defined as areas where point source 
discharges are mixed with the receiving water. However, there are several requirements that apply to the 
water quality within the mixing zone. As a minimum restriction, waters may not be acutely toxic to fish or 
fish food organisms anywhere within the mixing zone. Exposures in mixing zones may not cause deleterious 
effects to populations of aquatic life or wildlife, and the mixing zone shall not prevent the passage of fish or 
fish food organisms in a manner which would result in adverse impacts on their immediate or future 
populations. 

The Water Quality Standards are minimally acceptable water quality conditions. Ambient water quality 
should be qua l  to or better than the Water Quality Standards 95 percent of the time. Antidegradation 
requirements exist for waters that have better water quality than the established Water Quality Standards, or 
that is needed to protect existing uses. The Antidegradation Rule of the WQS states that waters may not be 
lowered in quality unless it is determined by the WRC that degradation of the these waters will not impair 
designated uses or be weasonable and against public interest in view of the existing conditions. 
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Table 4.12 Summary of Michigan Surface Water Quality Standards. 

Parameter 

Turbidity, Color, Oil 
films, Solids (floating, 
suspended or 
settleable), Foams, 
Deposits 

Chlorides 

Hydrogen Ion 
Concentration (pH) 

Taste and Odour 

Toxic Substances 

Phosphorus 

Nutrients 

Fecal Coliform 

Dissolved Oxygen 
P O )  

Temperature 

Limit 

Waters of the state shall not have any of these unnatural physical properties 
in quantities which are or may become injlrious to any designated use. 

The addition of any dissolved solids shall not exceed concentrations which are 
or may become in)uious to any designated use. In no instance shall they 
exceed 500 mg/L monthly average or 750 mg/L maximum for any waters of 
the state. 

A maximum of 125 mg/L monthly average is allowed for waters of the state 
designated as public water supply sources, except for the Great Lakes and 
their connecting waters where chlorides shall not exceed a 50 mg/L monthly 
average. 

65-9.0 in all waters of the state. Any artificially induced variation in natural 
pH shall remain within this range and shall not exceed 0 5  units of pH. 

Waters of the state shall contain no tasteproducing or odourproducing 
substances in concentrations which impair or may impair their use for a 
public, industrial or agricultural water supply source or which impair the 
palatability of fish. 

Substance specific as determined by Rule 57. (See t ea  for description, and 
Table 4-13 for Rule 57(2) levels.) 

Standards prescribed by the U.S. Nuclear Regulatory Commission and the 
U.S. Environmental Protection Agency. 

- 

1.0 mg/L as a maximum monthly average for effluent discharges. 

In addition to the maximurn phosphorus discharge levels allowed, nutrients 
shall be limited to the extent necessary to prevent stimulation of growths of 
aquatic rooted, attached, suspended and floating plants, fungi or bacteria, 
which are or may become injurious to the designated uses of the waters of 
the state. 

All waters of the state shall contain not more than 200 fecal coliiorms per 100 
rnillilitres as determined on the basis of a geometric average of any series of 5 
or more consecutive samples taken over not more than a 30-day period. This 
concentration may be exceeded if such concentration is due to uncontrollable 
nonpoint sources. The WRC may suspend this limit from November 1 
&ugh April 30 upon determining thit designated uses will be protected. 

A minimum of 7 mg/L in all Great Lakes and connecting waterways, and 
lakes and streams designated for coldwater fish. In all other waters a 
minimum of 5 mg/L shall be maintained. 

No heat load which would warm receiving waters at the edge of the mixing 
zone more than 3 degrees Fahrenheit above existing natural water 
temperature for the Great Lakes and their connecting waters; 2 degrees 
Fahrenheit for coldwater streams; and 5 degrees Fahrenheit for warmwater 
streams. 



Table 4.13 Allowable Levels of Toxic Substances in M a c e  Water. January 15, 1991 Update. 

Liaduv 
Pbeml. 4shloro-3-mthyl 
Dieldrin 
Anilin 
Acetone 
Chloroform 
Huachloroe thane 
Bcnrtnc 
Ethane. 1.1.1-mchloro 
Bromnrretbvle 
vmyl chloride 
Methylene chloride 
Ethylene oxide 
Bromfonn 
Bromodichlommthanc 
Ethylene. 1.1 -dichloro 
Heptachlor 
Huachloroc)clopentadiene 
lsopborone 
Propam, 1.1-difhlom 
Ethnc. 1.12-mcbloro 
Trichlorrxthylenc 
AP4l;rmidc 
Ethnc. 1.1.2.2-tcuachloro 
Pentachlompbeml = pH 8.1 
24.6-Trichlorophcnol 
Dinoseb 
Naphthalene 
Bemidinc. 3$-dichloro 
Benddine 
Siwx 

ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
TLSC 
ACV 
ACV 
nsc 
ACV 
CRV 
m c  
CRV 
ACV 
CRV 
CRV 
CRV 
ACV 
CRV 
ACV 
TLSC 
CRV 
CRV 
TLSC 
ACV 
ACV 
TLSC 
ACV 
CRV 
ACV 
TLSC 
CRV 
CRV 
ACV 
ACV 
CRV 
CRV 
ACV 
m c  
TLSC 
ACV 
CRV 
ACV 
ACV 
CRV 
CRV 
HLSC 
ACV 
ACV 
ACV 
ACV 
CRV 
CRV 
ACV 



Table 4.13 mnt'd 

Bemen+ 124-eichkao 
PbenoS 24-dichloro 
1.4-die- 
Chlorodibromomethne 
T e e n c h l o n w t h ~  
Eth* t-1J-dichloro 
Bemmc, 1 f-difhloro 
1~.4-Teenchlombemcne 
X$enc 
Teaa n-butyl amurmium bromide 
2.3.7.8-TCDD 
Di-n-pmpyl formamide 
Me- m c W  
vanadium 

unionized (coldaatcr) 
Ammonia. unionhcd (uumaetcr) 
Fluorides (soluble fluorides) 
Chlorine 
Hyhgen sulfide 
DBNPA 
Chromium, hexavalent 
bi(chlorobutyl)ether 

Rule S(2) 
Allowrbb Level 

W) 
110 
I0 

560.0 
220 

100.0 
71.0 

110.0 
4 a  
4.60 
0.0018 

P O  
37.74 

m0.0  
29.0 
16.0 

300.0 
179.0 

0.76 
59.0 

140.0 
0.0000000 14 

63.0 
0.0013 
3.73 

20.0 
50.0 

2000.0 
6.0 
0.55 
4.0 
2 0  

60.0 

CRV 
A c v  
CRV 
CRV 
A c v  
ACV 
HLSC 
CRV 
n s c  
CRV 
HLSC 
ACV 
CRV 
TLSC 
CRV 
ACV 
A N  
HLSC 
ACV 
TLSC 
CRV 
TLSC 
HLSC 
TLSC 
ACV 
ACV 
TLSC 
A N  
ACV 
ACV 
ACV 
TLSC 

GQlmma& 
'ACV = Aquatic Chronic Value 
TLSC = Terrestrial Life-we Safe Concentration 
CRV = C u v c r  Risk Value 
HLSC = Human Life-we Safe Concentration 

1 Rule n(2) L e d  is based on a aater hardness of 100 mglL (as CaC03). 
2 This chemical is regulated as a carcinogen 'Ibc Rule 57(2) L e d  is mt necessarily based on is 1 in 100.000 cancer risk value. 
3 Rule n(2) L e d  is based on a pH of 8.0. 
4 Pmfusioaal Judgement aes used - minimum data m t  available. 

The rules also declare that Michigan waters which do not meet the Water Quality 
Standards shall be improved to meet those Standards. Where the water quality of a certain waterbody does 
not meet the Water Quality Standards as a result of natural causes or conditions, further reduction of water 
quality is prohibited. 

4.3.1.1 Great Lakes Initiative 

The Great Lakes Initiative (GLI) is a joint effort by the U.S. EPA and the eight Great Lakes states to 
I coordinate activities under the Federal Clean Water Act (CWA) to meet the goals of the Governors Great 

2 



Lakes Toxic Substances Control Agreement, and to achieve the objectives of the Great Lakes Water Quality 
Agreement (GLWQA). The GLI will provide a basis for proceeding toward the long term goal of virtual 
elimination of the discharge of toxic substances to the Great Lakes, and for negotiating Great Lakes 
programs and water quality objtctivcs with Canada under the GLWQA 

The GLI will develop numeric water quality criteria for a select list of chemicals and a narrative procedure 
for developing water quality criteria for other chemicals. In both cases, the water quality criteria will include 
criteria for the protection of human health, wildlife and aquatic life. The GLI will also address issues such 
as mixing zones, procedures for establishing water qualitybased effluent limits in permits, biomonitoring 
requirements, pollution prevention, and antidegradation. The expected outcome of the GLI is to denlop 
guidance which will be used by the Great Lakes States in reviewing and revising their water quality 
standards. The projected completion date of the GLI is late 1991. 

4.3.2 Point Source Discharge Permits 

Effluent requirements for wastewater discharged to Michigan surface waters are established in National 
Pollutant Discharge Elimination System (NPDES) permits. The NPDES permitting system was established 
for the entire nation in 1972 by the federal Water Pollution Control Act ("Clean Water Act"; PL 92-500). 
NPDES permits are required for all point source discharges of pollutants under the Clean Water Act and the 
Michigan Water Resources Commission Act. 

Operation of the NPDES permitting program was delegated to Michigan by the U.S. EPA in October 1973. 
Effluent limits are required to be at least as stringent as the National effluent guidelines. The Michigan 
WRC is responsible for issuance or denial of NPDES permits. Effluent requirements and other conditions 
of a permit are recommended to the WRC by MDNR staff, with assistance from other state departments 
including the Michigan Department of Public Health. The general responsibility for enforcement of NPDES 
permit rquirements lies with the Department of Natural Resources. The Michigan Department of the 
Attorney General works with the MDNR as needed to enforce NPDES permit requirements. 

The NPDES permits are complex legal documents. Each permit contains the following general parts: 
speciiic authorization to discharge wastewater; effluent limitations and monitoring requirements; special 
conditions applicable to the particular discharge; special conditions applicable for certain general types of 
programs, such as industrial pretreatment program requirements, management requirements for sludges and 
other residuals, combined sever overflow requirements, etc; and the general requirements applicable to all 
permits, such as what to do in emergency situations, operator certification, permit modification procedures, 
etc. 

The permit is the primary legal document which states under what conditions a discharge is authorized. 
There are, however, two other areas that are critical to the success of the NPDES program. Prior to permit 
issuance, water quality studies, surveillance, and monitoring on both the point source discharges and the 
receiving water body are conducted as needed to determine what limitations should be placed in the permit. 
This includes both chemical and biological (toxicity tests, biological surveys) characterization. The facility 
desiring a permit to discharge is required to submit a permit application detailing the treatment process and 
discharge characteristics (e.g. flow, chemical characteristics). After permit issuance, enforcement followup is 
needed to ensure compliance with the permit 

One goal of the Clean Water Act is to move toward zero discharge of pollutants by use of treatment 
technologybased standards. and requiring that minimum receiving Water Quality Standards be achieved. 
Treatment technology-based discharge standards and effluent limitations based on the Water Quality 
Standards are determined for a given discharger. Since both must be met, the permits contain the more 
stringent of the two  limits. 



Treatment technology based standards are promulgated by the U.S. EPA based on the category of the 
industrial or muniapal facility. National standards have been developed for 26 industrial categories, and 
involve over 125 toxic pollutants commonly discharged by these industries. Treatment technologybased 
standards are promulgated for direct discharges to lakes and streams, and for indirect discharges to surface 
water l a  sanitary sewr systems. Discharges to stonn seartn which do not receive subsequent treatment are 
considered direct discharges. As treatment technologies improve, these federal standards are upeckd to 
become more restrictive in order to progress toward the goal of zero discharge. 

Treatment technologybased effluent limitations ('ITEjELs) are often collectively referred to as the "Effluent 
Limit Guidelines". When Effiuent Limit Guidelines do not exist for a certain discharge, either because none 
of the industrial categories cover the specific type of operation, or because Effluent Limit Guidelines have 
not been promulgated for the category yet, treatment techndogybased limits must be determined. In this 
case, the "best professional judgementn of the permit wtiter is used to determine what the treatment 
technology-based effluent limits should be for the specific facility. The primary facton that are considered in 
establishing best professional jrdgunent limits are the type of waste and pollutants, and available technology 
for a specific discharge. Other facton which may also be considered include costs and b e f i t s  of installing a 
certain treatment technology, and the age of the fadlity and quiprnent 

Water quality based effluent limits are determined following the WQS and associated guidelines to ensure 
that Water Quality Standards are achieved in the receiving waters. The WQS apply at flows greater than the 
design (drought) flow of the receiving streams. The design flow is the most restrictive of the 12 monthly 95 
percent medence  flows, a statistically-derived, lowflow value that occurs very infrequently, The applicable 
flows at which Water Quality Standards apply may be different than the 95 percent exceedence flow if the 
WRC detennines that a more restrictive design flow is necessary, or that seasonal design flows may be 
granted. All Water Quality Standards for conventional pollutants apply after mixing with the design flow. 
For toxic substances, not more than one-fourth of the receiving water design flow is used for mixing. This is 
applied to both chemical specific values and biological toxicity endpoints determined through standardized 
toxicity tests. 

Each surface water discharge permit application is reviewed to ensure that appropriate water qualitybased 
control requirements are incorporated in the NPDES permit. All potential contributors (including nonpoint 
sources) are considered in a wasteload allocation process used by MDNR to establish these water quality 
based control requirements. Site specific determinations are made based upon existing data and design 
conditions for the discharge and the receiving water. Water qualitybased effluent limits are proposed when 
there is the reasonable potential that a point source discharge will cause or contribute to an excursion above 
any WQS. Water quality based effluent limits are determined by mathematical models used to simulate the 
substances in the receiving waters. For most toxic pollutants, a simple materials balance is used for 
calculations. When there are multiple dischargers to a single receiving waterbody, the assimilative capacity 
must be allocated among them. 

Another consideration when issuing permits is "Antibacksliding". This concept has been contained in federal 
regulations for several years, and was incorporated into the federal Clean Water Act by the 1987 arnend- 
ments. It is a complex concept which, roughly translated, means that limitations in a previous permit will not 
be made less stringent h e n  the permit is reissued. Exceptions to the "antibacksliding' rule include when the 
pennittee was unable to achieve the previous permit limits, and when production is increased. 

NPDES permits have a maximurn life of 5 years. When permits expire, they are reviewed and reissued. A 
complete cyde of reissuance occurs every 5 years, with approximately 20 percent of the permits being 
reissued each year. Under Michigan law, an expired permit remains in effect until a new permit is issued or 
denied. 



4.3.2.1 Industrial Pretreatment Program 

An important component of the NPDES permitting program is the Industrial Pretreatment Program (IPP). The 
IPP was developed in recognition of the fact that many industrial operations discharge their wastewater to 
municipal wastewater treatment plants (WWTP). This industrial wastewater may contain pollutants in 
concentrations that can interfere with the operations of the WWTP, damage equipment, destroy the bacteria 
required in the treatment process, pass through the system untreated, or contaminate sludge. To prevent these 
problems, any Miclugan municipality that operates a wastewater treatment plant and receives a discharge from 
an industrial categorical discharger or an industrial discharger whose discharge could cause any of the following 
four conditions must develop and implement an industrial pretreatment program: 

Physical damage to the sewers or the treatment process 

Inhibition of the WWTP processes 

Pass-through of pollutants which could cause problems in the receiving 
stream or result in an NPDES permit violation 

Accumulation of pollutants in the sludge which could cause problems 
during its disposal 

The IPP contains details as to how the industrial wastewater will be treated prior to discharge to the municipal 
collection system, establishes local limits and outlines monitoring and compliance requirements. The industrial 
discharger must also comply with applicable federal treatment technology-based limitations. 

The municipality that operates the WWTP is responsible for developing, implementing and enforcing the local 
IPP. The IPPs are reviewed by the municipality on an annual basis to ensure that compliance with all 
applicable policies and regulations is maintained. The State reviews and approves the local IPP in accordance 
with established State and federal IPP regulations. The State functions in an 'oversight" role to the local IPP 
Control Authority, and the U.S. EPA functions in an "oversight" role to the State. An NPDES permit is issued 
to the municipality for its discharge to the surface water. 

4.3.2.2 Combined Sewer Overf lows 

Combined sewer overflows (CSOs) constitute a serious environmental concern because they constitute a 
discharge of raw sewage and pose public health concerns. NPDES pennits are required for all CSOs. The 
prnnits contain date certain schedules for development of CSO corrective programs. The corrective program 
established in the NPDES permit is a phased approach intended to provide flexibility for individual communities 
to dzvelop site-specific corrective programs. 

Phase I of the CSO corrective program requires operational improvements of the existing system to minimize 
overflows, sampling and other monitoring requirements to establish a strong database on the existing system, 
and construction of interim CSO control projects where feasible. Under Phase I, all CSO communities are 
required to notify the MDNR when there is a discharge of raw sewage to surface waters from CSOs. The 
MDNR will notify the local public health agency when appropriate. The health agency will issue appropriate 
advisories. Phase I also requires development of a final program to eliminate or adequately treat CSOs. The 
final program must also contain a fixed-date schedule to achieve the maximum feasible progress in 
accomplishing these corrections, taking into account technical and economic considerations. 

Phase I1 is the implementation of the final program under subsequent NPDES permits. The schedule developed 
under Phase I will be incorporated into the NPDES permit, and the permittee required to proceed with 
implementation. The permits require that final programs provide for elimination or adequate treatment 
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of CSOs. This will be accomplished on a case-by-case basis with professional staff of the Department 
wricjng clodely with municipalities to define appropriate conectiu programs. 

4.3.2.3 Compliance and Enforcement 

NPDES permits are required under the Clean Water Act and the Michigan Water Resources Commission 
Act for all point source dixharges to surface waters of the State. Any violation of a permit condition, 
compliance schedule or effluent limit spedfied in the permit, or a point source discharge to surface water 
without a pennit is a violation of the Clean Water Act and the Michigan Water Resources Commission Act. 
Such violations of the Acts may be subject to ad andlor criminal action for injunction relief, substantial 
monetary penalties, and reimbursement for environmental damages. 

A permit violation may be detected by the MDNR through routine review of compliance schedules and 
discharge monitoring reports (DMR) prepared by the permittee, and various typcs of inspections by MDNR 
staff. Violations may also be directly reported to MDNR Upon recognition of a pennit violation or a 
violation of related sections of the CWA or the Michigan Water Resources Commission Act, an appropriate 
compliancelenforcement action is taken. The compliancelenforcement response will be timely, and 
appropriate for the nature and severity of the violation. 

The MDNR is developing an Enforcement Management System (EMS) to assure that all dischargers are 
treated fairly, and to consistently enforce the NPDES program as required by the Clean Water Act and the 
Michigan Water Resources Commission Act. The EMS is a tool to assist professional staff in assuring that 
timely and appropriate enforcement actions are taken. Guidance is provided in the EMS to assist the state 
in assessing the magnitude and severity of the violation, and a range of enforcement responses that would be 
appropriate for the violation. The EMS also establishes a system for identifying priorities and directing the 

f flow of enforcement actions based on these priorities and available resources. The measure of effectiveness 
of an enforcement response is whether and how expeditiously the noncompliant source is returned to 
compliance. 

4.3.2.4 Stormwater 

The federal Clean Water Act as amended in February 1987 contains language which speafically addresses 
the regulation of stormwater discharges (Section 405). The Act speafies that stormwater discharges will be 
regulated through the NPDES permit program. 

The amendment states, in part, that no stormwater permits shall be required prior to October 1, 1992, except 
for the following: (1) currently permitted stormwater outfalls; (2) stormwater outfalls from industrial plant 
sites; (3) municipal storm sewer systems serving more than 23,000 population; (4) municipal storm sewer 
systems serving between 100,000 and 250,000 population; and (5) any point source of stormwater causing 
water quality violations. 

The Clean Water Act, as amended, provides spedfic dates for US. EPA action regarding regulation 
development for several of these excepted categories. The U.S. EPA published the final regulations 
concerning stormwater discharges on Novtmber 16, 1990. The regulations defined what facilities would be 
considered industrial stormwater dischargers and established November 16, 1991 as the date by which these 
facilities must apply for a stormwater discharge permit. The regulations also established a t w ~  part 
application process for municipalities. Part I for municipalities with populations greater than 250,000 is due 
November 16, 1991 and part I1 is due November 16, 1992. For municipalities with populations between 
100,000 and 250,000, part I is due on May 18, 1992 and part I1 on May 17, 1993. 



The regulations establish application requirements that for industrial facilities include sampling, topographic 
maps, impervious surface are estimates and spiU history. Applications for municipalities covered by the 
regulations will include sampling, topographic maps and legal authority of the municipality. 

Industrial permits will contain technology and water quality-based requirements. Municipal permits will 
rquire the development and implementation of oomprehensix stormwater management programs to identify 
and eliminate illicit discharges to storm sewer and to reduce the discharge of pollutants in stormwater to the 
maximum extent practicable. Compliance with stomwater permits will be required three years after pennit 
issuance. 

4.3.3 Critical Materials and Wastewater Report 

A Critical Materids and Wastewater Report must be filed annually with the MDNR by all businesses that 
discharge wastewater to lagoons, deep wtlls, the surface of the ground, surface waters, septic tanks, or 
municipal sewer systems according to the Michigan Water Resoutce~ Commission Act. The types of 
wastewater that must be reported are process water, non-contact cooling water, condenser water, commercial 
laundry and commercial car wash water. Sanitary wastewater which is discharged to any system other than a 
municipal sewer or septic tank must also be reported. 

The Critical Materials and Wastewater Report sets forth the nature of the business, a list of materials used 
in or incidental to its manufacturing proctss, including byproducts and waste products, and the estimated 
wlurne of wastewater discharged. The materials which must be reported appear on the Critical Materials 
Register (CMR) as compiled by the MDNR with the advice of a technical advisory committee. The most 
recent CMR, published October 1, 1988, contains 284 chemicals. The information provided in the report 
may be used for purposes of pollution control including the determination of parameters to be limited by the 
NPDES permit. 

4.3.4 Nonpoint Sources 

The regulation and control of nonpoint sources of pollution in Michigan is the responsibility of a number of 
state, federal and local agencies. under a variety of programs and legislative directives. Until recently, 
however, the state lacked a comprehensive, coordinated plan to address nonpoint sources of pollution. 

In November 1988, Michigan subrhitted a four year management plan to the U.S. EPA to address pollution 
problems caused by nonpoint sources. This management plan, and an assessment of the extent of surface 
and groundwater contamination due to nonpoint sources (also submitted in November 1988). are required 
under Section 319 of the Clean Water Act of 1987. 

Michigan's Nonpoint Source Management Plan and Assessment Report have been approved by €PA The 
Management Plan meets the requirements of the Clean Water Act and qualifies Michigan for federal funding 
to reduce nonpoint source pollution. Michigan received 13  million dollars through Section 319 of the Clean 
Water Act in Fiscal Year 1990. These funds are W i g  used to implement programs in the Nonpoint Source 
Management Plan. 

Solving nonpoint source pollution problems in Michigan will require the implementation of abatement 
programs through the cooperative efforts of federal, state and local agencies. Nonpoint source program 
implementation can occur on either a statewide or watershed basis. One of Michigan's priorities is to 
emphasize implementation of nonpoint source programs on a watershed basis. Approximately 30 watershed 
propcts are either in the planning or implementation phases throughout the state. A number of statewide 
programs including development of best management practiw, hydrologic analysis, construction site erosion 
control, technical assistance and information/education programs are underway. 



4.3.4.1 Erosion 

Sod erosion from construction sites is regulated through the Sod Erosion and Sedimentation Control Act, 
1972 PA 347. The Act requires permits for all earth changing activities within 500 feet of a lake or stream, 
or that are likely to disturb an acre or more of land area The program is administered by the Department 
of Natural Resources through local designated cnforcuncnt agencies. 

Agricultural soil erosion is controlled through the use of conservation practices on farms. The Soil 
Conservation Service and local Soil Conservation Districts assist landowners in developing conservation 
practices for their property. 

4.3.4.2 Spills 

The prevention of and response to spills of oil and polluting materials (salt and any material listed on the 
Critical Materials Register, in solid or liquid form) to waters of the state are addressed in the Part 5 Rules 
of the Michigan Water Resourcts Commission Act, as amended. These rules require Pollution Incident 
Prevention Plans for spills prevention and cleanup for oil storage facilities and facilities that store, handle, 
discharge, manufacture, receive or process polluting materials. The rules also require that spill containment 
equipment and adequate personnel be available at sites where oil is on-loaded or off-loaded through a 
conduit to a vessel on the waters, and at sites adjacent to a watercourse where oil is stored and handled. 
Further, the rules specify that adequate surveillance be maintained at all times such that a spill can be 
immediately detected. When a spill is detected, the rules require immediate response. Under these rules, 
storage and use areas for oil, salt, and other polluting materials must be adequately diked or contained to 
prevent escape of spilled materials to groundwater and surface water both directly and indirectly (e.g. 
through sewers and drains). If a spill occurs from a wsel or a facility, a report must be filed with the WRC 

i outlining the cause, discovery, and actions taken to remove the spilled material from the water. 

The Oil and Gas Act, PA 61 requires operation of production and disposal wells in such a manner as to 
prevent the escape of oil, gas, saltwater, brine or oil field wastes wfiich wuld pollute, damage or destroy 
freshwater resources. 

The MDNR operates a Pollution Emergency Alert System (PEAS). A toll free telephone line 
(1-800-292-4706) is maintained for the reporting of suspected pollution incidences. MDNR staff investigate 
and respond to emergency spill occurrences, and coordinate actions with other agencies. A spill of any 
quantity of any material is reportable under PEAS. 

There are several federal Acts and regulations that pertain to spills prevention and response. Federal 
regulations under the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
identify "hazardous substances", notification requirements in the event of a spill and repotable quantities. 
The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) established under CERCLA 
concerns the release of oil and hazardous materials into navigable waters. The Clean Water Act also 
prohibits the discharge of oil in harmful amounts, and requires owners of facilities which present a threat of 
an oil release to surface water to prepare a Spill Prevention Control and Countermeasure (SPCC) plan. The 
Solid Waste Disposal Act requires transporters to take appropriate action, and to notlfy the National 
Response Centre in the event of a spill. The Emergency Planning and Community Right-to-Know Act of 
1986 requires that any fadlity that produces, uses or stores chemicals regulated under this Act participate in 
emergency planning procedures for spills. Cleanup policy for PCB spills is contained in the Toxic Substances 
Control Act. 

In the event of an unauthorized release of pollutants to the U.S. waters of the Great Lakes or connecting 
channels, the U.S. Coast Guard would have the lead responsibility in investigating and responding to the 
incident Michigan and Ontario have established an emergency notification protocol to be used in the event 
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of an acddental release to the water or air that may have transboundary impacts. This protocol is discussed 
in Section 45. 

4.3.4.3 Ballast Water Exchange 

The exchange of ballast water from commercial ships has not been regulated as of this writing. However, 
the need for such regulation has been recognized due to nuisance conditions caused by the unintentional 
introduction of exotic aquatic species such as the spiny water flea (B)thoole@es cedersowmi) and ruffe 
(Gynnoce@ufus cemucl), and more recently the zebra m d ,  via the discharge of ballast water from 
commercial ships. In March, 1990 proposed legislation was introduced which wuld  initiate a national ballast 
exchange program, and coordinate and manage regulatory programs for the control of aquatic nuisance 
species. The draft legislation would institute a voluntary ballast exchange program for tano years, after which 
the program would become mandatory for the Great Lakes. The proposed legislation is expected to be 
passed in 1990 (S2244, Non-indigenous Aquatic Nuisance Act, and HR 5390, Aquatic Nuisance Prevention 
and Control Act). 

4.3.4.4 Contaminated Sediments 

Chemical contamination of freshwater sediments has the potential to adversely affect aquatic life. However, 
there are, as of this writing, no federal or state sediment quality standards, or guidelines on how to identify 
sediments that may be detrimental to aquatic life or to assess the severity of the effect. The U.S. EPA is 
currently investigating several approaches to developing sediment quality criteria (e.g. equilibrium 
partitioning, apparent effects threshold, tissue residue). Draft criteria have not ytt been proposed. The U.S. 
EPA's Interim Guidelines for the D i s p a l  of Great Lakes Harbour Sediments' of 1977 have been used as a 
yardstick of contamination. The guidelines are not biologically based, however, and are not indicative of 
potential effect levels. 

Assessing the effects of chemical contamination on aquatic life is complicated by the many variables that 
affect the toxiaty and availability of the contaminants. Therefore, the state is pursuing an assessment 
protocol that includes a combination of biological field surveys. chemical and physical analyses of sediments, 
and sediment toxicity tests. MDNR currently conducts biological field surveys, and chemical and (limited) 
physical analyses of sediments. Work is underway at the MDNR Aquatic Toxicity Evaluation Laboratory 
(ATEL) to develop and validate procedures for conducting sediment toxiaty tests and culturing the required 
test organisms. ATEL staff is focusing on a solid phase chronic toxiaty test with Chironomus tentans, an 
interstitial acute toxicity test with Dapvria m o p  and an interstitial chronic test with Cen'odapruu'a dubia. 

A great deal of information is still required on how to interpret the results of laboratory tests with respect to 
instream responses. and how to integrate results of the various investigations to determine whether a 
sediment related problem exists. There are many ongoing efforts in both the regulatory and scientific 
communities to answer these questions, and Michigan has taken an active interest in a number of them. 
Probably the most comprehensive of these efforts is the Assessment and Remediation of Contaminated 
Sediments (ARCS) Program which is administered by the US. EPA Great Lakes National Program Ofice 
(GLNPO). This is a five year study and demonstration project relating to the control and removal of toxic 
substances from the Great Lakes. The program was authorized in Section 118 (c)(3) of the Clean Water Act 
as amended in 1987. The primary objxtive of the ARCS program is to develop guidance on the assessment 
of contaminated sediment problems and the selection and implementation of remedial actions. Guidance 
documents and case study final reports are expected to be completed by October 1993. 

4.3.5 Navigational Dredging and Sediment Disposal 

Dredging projects in Michigan are evaluated by MDNR and the Michigan Department of Transportation 
following the International Joint Commission (UC) Guidelines presented in "Guidelines and Register for 



Evaluation of Great Lakes Dredging Projects." Report of the Dredging Subcommittee, January 1982 and the 
US. EPA "Interim Guidelines for the Disposal of Great Lakes Harbour Sediment" of 1977. All dredging 
projects proposed in Michigan are sub@ to review and certification under Sections 401 (a) and 404(t) of the 
Federal Clean Water Act, PL 92-90. Through the certification process Michigan addresses water quality 
impacts which may oaw during the proposed dredging and disposal, impacts to fish and wildlife, 
recreational use concerns and scheduling of the proposed operation. 

Water quality concerns may also be addressed under Rule 92 of Michigan's Water Quality Standards. This 
rule provides that the Water Resources Commission may determine that a dredging activity results in 
unacceptable impacts on designated uses, and that the Water Qua!ity Standards are applicable during and 
subsequent to the dredging activity. In these cases, the "401 water quality certification", issued under Section 
401 of the Clean Water Act, wuld  reflect any restrictions on the dredging and/or disposal operation. Acting 
under the authority of Rule 92, the Commission determined that the use of overflow dredging in areas with 
contaminated sediments (not suitable for open water disposal due to contamination) results in unacceptable 
impacts on designated uses. Each dredging project where the use of a hopper dredge is proposed is 
evaluated to determine whether the use of hopper overflow should be prohibited due to sediment 
contamination. 

Dredging permits and 401 Water Quality Certifications may also be rquired under the Inland Lakes and 
Streams Act, 1972 PA 346, and the Great Lakes Submerged Lands Act, 1955 PA 247, as amended. AU 
346/247 permit applications are reviewed with respect to existing sediment contaminant data, and all sites are 
visited by MDNR personnel regardless of the degree of contamination. Propcts proposed in areas with 
known sediment contamination are reviewed by the MDNR Surface Water Quality Division. Sediment 
sampling and analysis and/or projzct modif~cation may be required prior to permit issuance. 

The disposal method for dredged sediment is determined following an evaluation of the sediment type, 
contaminant type and concentration, potential benefiaal uses of the material to be dredged, and availability 
of disposal sites. The U.S. EPA Interim Guidelines for the Disposal of Great Lakes Harbour Sediment, 
1977 (Table 4.14) are used as a preliminary indicator as whether the sediments are suitable for open water 
disposal, or require confinement. Dredged sediments may be suitable for various types of upland disposal 
depending on the presence of leachable substances and the hazard to the environment. The Solid Waste 
Management Act, 1978 PA 64, as amended, and the Michigan Environmental Response Act, 1982 PA 307, as 
amended, and the administrative rules adopted pursuant to these Acts govern upland disposal options. 

The Michigan Hazardous Waste Regulations, under the Hazardous Waste Management Act, 1979 PA 64, as 
amended, and 40 CFR 261 (1986) may be applied to sediments when disposal in a landfill is proposed. 
Under these regulations, the person(s) doing the dredging may be requested to conduct an extraction 
procedure toxicity (EP toxicity) andlor the toxiaty character leaching procedure VCLP) to determine if the 
material is "hazardous". If the material is classified as "hazardous" under the Resource Conservation and 
Recovery Act (PL 94-586), disposal in a licensed hazardous waste landfill is required. 

4.3.6 Wetlands and Shorelines 

Wetlands protection and management in Michigan is governed by ten state and two federal statutes that 
include a variety of speafic protection and permitting programs. The state statutes are listed and briefly 
described in Table 4.15. The two federal statutes, the Clean Water Act of 1972 and the Riven and Harbours 
Act of 1899, deal mainly with navigation issues. The Clean Water Act regulates the discharge of dredged or 
other fill material into navigable waters and their adjacent wetlands. The U.S. EPA is currently developing a 
Great Lakes Basin wetlands strategy to guide the State Federal juisdictions on the protection and 
management of wetlands. 

The most recent and comprehensivt of the state laws is the Wetland Protection Act, 1979 PA 203. This act 
provides for the preservation, management, protection and use of wetlands, requires permits to alter 



Table 4.14 U.S. EPA Interim Guidelines for the Disposal of Great Lakes Harbor Sediments, 1977. 

Volatile Solids 
COD 
TKN 
Oil & Grease ( H e m e  
Solubles) 
Lead 
Zinc 
Ammonia 
Cyanide 
Phosphorus 
Iron 

Manganese 
Arsenic 
Cadmium 
Chromium 
Barium 
( a v e r  
Mercury 
Total PCB*' 

Nonpolluted Moderately 
Polluted 

-- - 

Heavily Polluted 

Note: all values in mg /kg dry weight unless otherwise noted. 
* Lower values not determined. 
** Pollutional classification of sediments with total PCB concentration between 1.0 and 10.0 mglkg dry 

weight determined on case-bycase basis. 

wetlands; and provides penalties for illegal wetland alteration. Act 203 established a state policy to protect 
the public against the Iws of wetlands and make explicit determinations on the benefits wetlands provide. It 
also established a permit program to regulate some activities in wetlands that are above the ordinary high 
water marks of lakes and streams. Additionally, Act 203 explicitly authorized more stringent and broader 
regulation of wetlands by local governments, and set up a cooperative process for the sharing of information 
and expertise between the MDNR and local governments. 

Activities in wetlands contiguous to waterbodies are regulated without regard to the size of the wetland 
because of the close relationship these areas have to surface waters. Non-contiguous wetlands, however, are 
regulated by permit only if they are greater than five acres in size. In counties of less than 100,000 people, 
activities in non-contiguous wetlands are not regulated until a wetland inventory is completed. The MDNR 
can also regulate some activities in wetlands anywhere in the state, regardless of size, if they are determined 
to be essential to the preservation of natural resources and the landowner has been so notified by the 
Department. 

The Shorelands Protection and Management Act provides for the designation of protected environmental 
areas along Michigan's Great Lakes shoreline that are important for the preservation and maintenance of 
fish and wildlife. Environmental areas covered by the Act are usually wetlands or marshes, although some 
are upland areas or islands. The Act applies to designated property that lies up to 1.000 feet landward of the 
ordinary high water mark of the Great Lakes or a connecting waterway, and those lands bordering other 
waters affected by levels of the Great Lakes. The Act does not apply to wetland areas already protected in 
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Table 4.15 Summary of State Statutes Impacting Wetland Protection and Management in Michigan. 

Statute 

Goemaere-Anderson Wetland 
Protection Act 1979 PA 203 

Inland Lakes & Streams Act, 1972 
PA 346 

Great Lakes Submerged Lands Act, 
1955 PA 247 

Michigan Environmental Protection 
Act, 1970 PA 127 

Shorelands Protection and Management 
Act, 1970 PA 245 

Soil Erosion and Sedimentation Control 
Act, 1972 PA 347 

Natural Rivers Act, 1970 PA 231 

Subdivision Control Act, 1968 PA 288 

Administrative Procedures Act, 1969 
PA 306 

Water Resources Commission Acf 1929 
PA 245 

Description 

Recognizes wetland values; requires permit for many activities 
in wetlands. 

Requires permit for dredging, filling and construction 
activities in inland lakes and streams and associated wetlands 
below the ordinary high water mark. 

Requires permit for construction activities in Great Lakes and 
connecting waters. 

Prohibits any conduct which is likely to pollute, impair, or 
destroy a lake, stream or wetland, unless certain public 
interest conditions are met. 

Regulates environmental areas (primarily wetlands) along the 
Great Lakes. 

Requires pennit based on soil erosion control plan (issued 
locally with MDNR oversight) for earth change activities 
which disturb one or more acre or are within 500 feet of a 
lake or stream. 

Regulates land use along designated natural rivers through 
state and local zoning based on comdor management plans. 

Requires approval of the Water Resources Commission for 
any subdivision plat containing lots in the flood plain, and 
additional review by MDNR for any subdivision plan 
involving land abutting a lake or stream. 

Governs the promulgation of administrative rules for state 
statutes, and defines the appeal process followed when permit 
applications under various statutes are denied. 

Creates a Water Resources Commission to regulate state 
water resources. The Commission promulgates water quality 
standards and regulates discharges to state waters and related 
floodplains. Requires a permit to alter a flood plain. 

national parks. Currently, 295 miles of Great Lakes or connecting waters shoreline have been designated as 
protected environmental areas. This is 9.0 percent of Michigan's 3,288 coastal shoreline miles. Ffitytw 
miles of protected environmental areas border Lake Superior, 85 are on Lake Michigan, 140 border Lake 
Huron, 6 are along the Detroit River, and 12 are located on Lake Erie. 

Wetland water quality is determined by characteristics and conditions different from those used to evaluate 
the quality of lakes and streams. In general, natural wetlands are characterized as having very shallow water 
with abundant vegetation, high organic bottom deposits, and the periodic absence of oxygen throughout the 
water and bottom sediments (Kadlec 1976). In essence, wetlands are characterized by conditions that are 
considered undesirable in lakes and streams. Consequently, the quality of wetlands is generally described in 

2 tenns of their use. 



Wetlands are included in Michigan's WQS under the general category "other surface waterbodies within the 
confines of the state". The antidegradation rule contained in the standards provides some protection to 
wetlands. However, few of the criteria currently included in the standards are direaly applicable to wetlands 
because of their unique environmental conditions relative to traditional measurements for good water quality. 

4.3.7 Hazardous Waste 

The generation, treatment, transport, storage and disposal of hazardous wastes are controlled by programs 
developed under the Hazardous Waste Managunent Act, 1979 PA 64. Waste disposal sites are also 
regulated under the federal Resource Conservation and Recovery Act (RCRA), 1976 PL 94-580. Clean ups 
and other responses to contaminated sites may ocav under taro programs, the US. Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA), 1980 PL 96-510, commonly referred 
to as "Superfund", and the Michigan Environmental Response Act (MERA). 1982 PA 307. Both programs 
utilize risk assessments to evaluate the severity of contamination at specific sites based on known or potential 
impacts to (mainly) human health and the environment Sites are then ranked according to their relative 
severity, thereby estaMishing priorities for remedial actions. The major difference betwten the programs is 
that Superfund sites are assessed based on conditions when the site was at its worst, and site assessments 
conducted under PA 307 are based on conditions at the time of assessment. Both of these programs may 
provide funding, on a priority basis, for remedial investigations, feasibility studies and clean up actions prior 
to identification of, andlor agreement on the course of action with a responsible party. 

4.3.8 Pesticides 

The use of pesticides is addressed through the Michigan Pesticide Control Act, 1976 PA 171. This act 
specifies requirements for registration of pestiade products, certification and licensing of pestiade 
applicators, and investigations of suspected pestiade problems. Public Act 171 adopts mapr portions of the 
Federal Insecticide, Fungicide and Rodentiade Act at the state level. This allom the state primacy in the 
areas of pesticide registration, labelling and distribution; licensure of pesticide dealers; certification of 
pesticide applicators; an4 enforcement. In all other areas, the federal pestiade requirements apply. 
Pesticide programs are under the jlrisdiction of the Michigan Department of Agriculture. which also 
manages programs for emergency response in cases where contaminants may enter food chains. 

4.3.9 Air Qualrty 

The Federal Clean Air Act, as amended in 1970 and 1977, directs the U.S. EPA to establish National 
Ambient Air Quality Standards. Since 1971, the U.S. EPA has established standards for seven pollutants: 
suspended particulate matter, sulphur dioxide, nitrogen dioxide, carbon monoxide, ozone (photochemical 
oxidants), hjdrocarbons and lead. Air pollution control is addressed through a permitting process similar to 
the NPDES process, under the authority of the federal Clean Air Act and the Michigan Air Pollution Act, 
1%5 PA 348. 

The Clean Air Act Amendments were signed into law on November 15, 1990. The Act requires emission 
standards which reflect maximum achievable control technology to be developed for new and existing mapr 
sources of 190 air toxic conipounds. 

The Act also includes provisions specifically for the protection of the Great Lakes from toxic air pollutants. 
Michigan s e n d  as the lead state on efforts to address Great Lakes protection in the amendments. The 
Clean Air Act now requires EPA to promulgate emission standards for sources which account for 90% of 
the emissions of seven designated pollutants (polycydic organic matter, alkyiated lead compounds, hexa- 
chlorobenzene, mercury, polychlorinated biphenyls, 23 ,7 ,8 - t e t rach lorod ibe~h;~~  and 31.7.8- 
tetrachlorodibenm-p-dioxin). The Act directs EPA to consider bioaccumulation and food chain effects of air 
toxia when performing the assessment of residual risks remaining after technology controls are applied. 
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Additionally, the Act provides for a multi-year study of the extent and effect of atmospheric deposition into 
the Great Lakes and other waters. A Great Lakes monitoring network must be established by December 31, 
1991 which must include a dry and wet deposition monitoring facility on the shores of each of the Great 
Lakes. 

A 14 member Air Torrics Policy Committee was established in December of 1987 by the Michigan Air 
Pollution Control Commission and the MDNR to devtlop a long-range strategy for developing rules to 
regulate, control, and abate the unission of toxic air pollutants from both new and existing sources. The 
Committee decided to develop rules for new and modified sources first. Atmospheric deposition of toxic 
pollutants to the Great Lakes was a consideration in the rules development. The Committee presented the 
proposed regulations for new sources to the Commission in September 1989. Public hearings have been held 
and a summary of public comments and responses have been completed. Discussions with industry and 
environmental representatives on further revisions to the draft rules are expected to lead to final agreement 
on the rules package by the fall of 1991 which will be submitted for the final stages of the legislative process. 

Regional initiatives arc also currently taking place to fadlitate the reduction of toxic air pollutant emissions 
which can enter the Great Lakes Basin through atmospheric deposition. 

The first initiative is the implementation of the Great Lakes States' Air Permitting Agreement. Signed by 
the Great Lakes Environmental Administrators in November 1988, the agreement commits the air regulatory 
programs to require the best available control technology for toxics on sources of compounds to the 
maximum degree allowed under existing authority. Special focus is placed on air emission sources of Great 
Lakes critical pollutants including mercury, alkylated lead compounds, total po ly~hlo~a ted  biphenyls, 
hexachlorobenzene, benzo-a-pyrene, ~,7,8-tetrachlorodibe11zo-p-dioh and U.7.8-tetrachlorodibemfurans. 

The second major regional initiative is the development of a regional air toxics emission inventory. In order 
to assure that adequate controls of toxic air pollutants will bt required, all sources of toxic air pollutants 
must be identified. Emission inventories are the mechanism used to ascertain the type of pollutants and 
quantities emitted by an air pollutant source. 

A grant was received from the regional Great Lakes Protection Fund to begin the process for the 
development of a regional air toxia emission inventory. This fund was established by the eight Great Lakes 
states to fund research and demonstration projxts that focus on the enhancement of Great Lakes ecosystem 
health. This comprehensive computerized database will identify 25 compounds of potential concern to the 
Great Lakes Basin emitted from area, point and mobile sources in eight states. If adequate funding is 
received, the initial computerized database will be completed in approximately 2 years, with the capability of 
being updated on a regular basis. 

The Michigan Urban Air Toxics Monitoring Program was established in January 1990. Sampling is being 
conducted to obtain information on 29 organic compounds and 13 trace metals surrounding three urban 
areas. The current sampling locations are in Kalamamo, Midland and Detroit. Several air toxia monitoring 
initiatives are also taking place throughout the state of Michigan. 

The Air Quality Division (AQD) initiated a background air monitoring project in November 1990. The 
program is funded, in part, by a grant awarded to the AQD from the Great Lakes Protection Fund. Air 
monitors are located at three rural areas in Michigan: Sault Ste. Marie, Traverse Bay and Saginaw Bay. 
Sampling is conducted monthly and will last one year for compounds considered by the International Joint 
Commission to be "critical pollutants" in the Great Lakes ecosystem. The compounds include: total 
polychlorinated biphenyls and 90 component congeners, polynuclear aromatic hydrocarbons. 
hexachlorobenzene, dieldrin and 13 trace metals of concern. The goal of this propct is to confirm the 
presence and magnitude of these pollutants and to develop baseline data for further research projxts. 



A second research proposal. wuld incorporate the &ta obtained from the background study, requested 
funding from the Great Lakes Protection Fund in summer, 1991. MDNR AQD and the University of 
Michigan research staff umdd jointly conduct a study to investigate the transport, deposition and source 
areas of toxic contaminants measured across Michigan. 

If funded, this project will collect ambient samples of the same compounds at three sites in Saginaw Bay, 
South H a w  and Traverse City, followed by analysis .using hybrid receptor modelling to evaluate atmospheric 
transport and source regions. 

4.3.1 0 Fish Consumption Advisories 

The Michigan Department of Public Health (MDPH) has issued fish consumption advisories since the early 
1970s in an effort to provide guidance to the public on ways to reduce their exposure to contaminants from 
fish. The advisories arc intended primarily for the frequent fish consumer because body burdens and risk of 
health problems from contaminants increase o u r  time with repeated exposure. Because the impacts on 
reproduction and child development are largeiy unknown, pregnant m e n ,  nursing mothers, -men who 
anticipate having children and children age 15 and under are especially advised not to consume contaminated 
fish. 

The MDPH has adopted contaminant concentrations for edible portions of fish which, when exceeded, 
trigger consideration of a fish consumption advisory (Table 4.16). These "trigger levels" are based on U.S. 
Food and Drug Administration (FDA) regulatory guidelines, and the application of risk assessments. 

Three different types of advisories may be issued depending on the percentage of specimens from a sample 
that w e e d  the trigger levtl(s). Advice on fish consumption for organic compounds is based on the follopJing 
criteria: 

a) No advisory for Limiting consumption will be issued when contaminants 
are undetected or when 10 percent or less of the tests for a particular 
fish species and location exceed any of the advisory trigger levels as 
shown in Table 4.16. 

b) An advisory for reduced consumption to 
w r  week will be issued when any of the advisory trigger levels are 
exceeded by more than 10 percent but less than 50 percent of the 
specimens tested for a particular species and location, and the mean 
concentrations do not exceed the trigger levels for the contaminants 
found. Nursing mothers, pregnant wmen, wmen who anticipate 
bearing children and children age IS and under wuld be advised not to 
eat these fish. Michigan is likely to change this advisory to "Nursing 
mothers ..., and children ~ l l  ..." in the 1991 advisory to 
promote consistency among the Great Lakes ~risdictions. 

c) A Y o  C m  advisory will be issued when any advisory trigger 
level is exceeded by 50 percent or more of the specimens tested of a 
particular species and location. 



Table 4.16 Trigger Levels Currently Used by MDPH in Establishment of Fish Consumption Advisories. 

Chlordane 
DDT 
DDT metabolites (DDE, DDD) 
Dieldrin (aldrin) 
Dioxin (3.7.8 TCDD) 
Endrin 
Heptachlor 
M e r w  
h4ire.x 
PCB 
Toxaphene 

-- 

MDPH Advisory ~ripper 

0 3  ppm 
5.0 ppm 
5.0 pprn 
0 3  pprn 

10.0 ppt* 
0 3  pprn 
0 3  pprn 
0 5  ppm* 
0.1 pprn 
2.0 ppm 
5.0 pprn 

*~ifferent than FDA Regulatory or Advisory Guidelines; FDA uses 25 ppt for dioxin and 1.0 ppm for 
mercury, all others are currently the same. 

Advice on fish consumption for mercury is based on a regression analysis of fish length versus mercury 
concentration. Consumption advisories due to mercury contamination would be issued for particular size 
categories as follows: 

a) No advisory for limiting consumption will be issued when concentrations 
of mercury for a particular fish species and location are less than 
0.5 ppm. 

b) An advisory for reduced consumption to no more than one meal per 
week will be issued d e n  mercury concentrations in a particular species 
from one location are between 0 5  and 1.5 ppm. Nursing mothers, 
pregnant women, women who intend to have children, and children age 
15 and under should eat no more than one meal per month of the 
identified fish. 

c) A "No Consumption" advisory will be issued when the mean mercury 
concentration in a particular species from one location exceeds 1.5 ppm. 

When sufficient information to fully characterize the degree of contamination or human health risk does not 
exist, a precautionary position will be advocated until the situation can be fully evaluated. 

The Health Advisory on fish consumption is published annually as part of the Michigan Fishing Guide. The 
advisory for the St. Marys River AoC is discussed in Chapter 6. The fishing guide is provided to each 
individual who purchases a fishing license, and is available free of charge from MDNR, MDPH and local 
health departments. Notices of consumption advisories are provided to the press and editors of sports 
purnals. 

4.3.1 1 Drinking Water Standards 

The responsibility for drinking water regulations at the federal level is with the U.S. EPA. The federal Safe 

' f Drinking Water Act (SDWA) as amended in 1986 (PL 99-339, 100 State. 642) requires U.S. EPA to publish 
_I 



"maximum contaminant level goals' (MCLGs) for contaminants which in the juigernent of the Administrator 
may have any adverse human health effects and which are known or antiapated to occur in public water 
systems. In addition to publishing a MCLGs, Pmich are wn-enforceable health goals, the U.S. EPA must 
promulgate National Primary Drinking Water Regulations (NPDWR). The NPDWR may include either (a) 
a maximum con taminant level (MCL) or @) a treatment technique. A treatment technique may be set only 
if it is not economically or technologically feasible to ascertain the level of a contaminant. An MCL must be 
set as close to the MCLG as feasible. 

The 1986 amendments to the SDWA rquire the US. EPA to promulgate NPDWRs for 83 contaminants in 
three phases, by June 19, 1989. EPA has not met this schedule. In December of 1975, EPA published 
National Interim Primary Drinking Water Regulations for ten inorganic chemicals, six pesticides, and taro 
microbiological indicator contaminants (total colifonns and turbidity). Some of these Interim Regulations. 
such as fluoride and coliform, have been finalized as NPDWRs. Other parameten such as Giardia and 
viruses, are being addressed by US. EPA through the establishment of required treatment techniques. The 
U.S. EPA is continuing to develop and promulgate NPDWRs for the remaining 83 contaminants. 

National Primary Drinking Water Regulations under the SDWA are also to include monitoring requirements 
which assure a drinking water supply wiU dependably comply with the MCLs. The SDWA also contains 
public notification rquirements should a public water supply (1) fail to comply with the MCL or treatment 
technique; (2) fail to comply with any monitoring requirements; (3) obtain a variance or exemption; or (4) 
fail to comply with any requirements of any schedule prescribed pursuant to a variance or exemption. 

The federal SDWA delegates authority for the implementation of the Act to the states where the state has 
legislation which equals or exceeds the requirements of the Act. Any modifications to or deviations from the 
requirements must be approved by US. EPA 

The MDPH has had a drinking water program since 1913. The Michigan Safe Drinking Water Act, 1976 PA 
399. was passed in 1976 with rules becoming effective in 1978. The Michigan SDWA authorizes the MDPH 
to provide for the supervision and control of public water supplies. The State regulations adopt the federal 
MCLs for organic and inorganic chemicals, microbiological contaminants, and turbidity contained in the 
federal act, except for radioactivity. There is no MCL for corrosivity, however monitoring rquirements exisf 
and the water must be noncorrosive. The Michigan standards have been approved by the U.S. EPA as 
equivalent to or more stringent than the federal MCLs. A complete list of the MCLs and monitoring 
requirements for community water systems in Michigan is given in Appendix 4.5. 

Drinking water standards apply after treatment either at the point of entry into the distribution system (plant 
tap), or at the point of use (the customer's tap) depending on the contaminant. The required sampling 
location for each contaminant is identified in Appendix 4.5. Drinking water standards do not apply to the 
raw water as taken from the waterbody (i.e. before treatment). 

Michigan's Act 399 also requires that a complete treatment system be provided for all public water supplies 
using a surface water source. Act 399 defines a complete treatment system as a "treatment system employing 
disinfection, coagulation, sedimentation, and tiltration units which function collectively to effect control over 
water quality characteristics to produce a finished water meeting the State drinking water standards". 

4.3.1 2 Michigan Waste Prevention Strategy 

In February 1991, MDNR completed the development of a comprehensive strategy to reduce, at the source, 
waste generated by individuals, businesses and state government. The concept of waste prevention is 
relatively simple: If a waste is not created in the first place. it can never cause damage later. By avoiding the 
generation of waste at the source, waste prevention strategies are inherently the most protective of human 
health and the environment. 



W e  it is true that progress has been made over the past several decades through expanded use of pollution 
controls and waste management practices, many persistent environmental problem remain. Environmental 
problems have become more difficult to predict and amid d e n  relying on pollution control alone. In s h o e  
such practices can no longer be relied on as the primary strategy to protect the environment, human health 
and, ultimately economic sustainability. 

Michigan's Waste Prevention Strategy provides a vision in which future discharges to the air, water and land 
wuld be allowed only after a determination is made that there is no prudent and feasible alternative to its 
creation and discharge; and even then, only after suflicient treatment has been applied to meet the best 
available treatment technology requirements and other applicable standards. To realize this vision will mean 
a fundamental shift in pumitting programs, which rquires changes in statutes and rules. 

A number of actions and recommendations to speed the implementation of waste prevention by individuals, 
businesses and state government are set forth in the strategy document Recommendations include: 
enhanced education and promotion efforts for waste prevention; training programs; onsite technical 
assistance provisions to businesses; convening groups to discuss the feasibility of waste prevention initiatiws 
in compliance and enforcement orders. environmental permits. cross-media inspections, banning certain toxic 
chemicals, etc.; and developing and implementing waste prevention plans for all state departments. 

An implementation plan for the strategy is currently under development and will identify priority 
recommendations, funding sources, responsible parties and timelines. Waste prevention initiatives, 
particularly as they relate to the regulated community, will be stressed in the consideration of the conduct of 
various demonstration projects and in the consideration of remedial action options to address use 
impairments in the Stage I1 RAPS. 

i 4.4 UNITED STATES - CANADA GREAT LAKES WATER QUALITY AGREEMENT 

The Great Lakes Water Quality Agreement (GLWQA) was first signed by the governments of the United 
States and Canada in 1972 as a result of concern about degraded water quality in the Great Lakes. The 
Agreement confirmed both governments' commitment to enhance and restore Great Lakes water quality. 
The 1972 GLWQA provided the focus for a coordinated effort to control phosphorus inputs to the lakes, 
thereby addressing the eutrophication problem. In 1978, the GLWQA was revised and expanded in 
recognition of the need to understand the effects of toxic substances and control their discharge to the Great 
Lakes. The concept of an ecosystem approach to Great Lakes water quality management was also 
incorporated into the 1978 GLWQA A protocol amending the GLWQA was signed by the two governments 
in 1987. The protocol adds specific programs, activities and timetables to address the issues identified in the 
1978 Agreement. 

The Agreement adopts General and Specific Objectives for the Great Lakes system, and sets forth the basic 
requirements for RAPS and Lakewide Management Plans (LMPs). Annexes of the GLWQA address specific 
issues such as the control of phosphorus, discharges of polluting substances and wastes from vessels, 
dredging, surveillance and monitoring, point and nonpoint sources, etc. The GLWQA ob~ctives, and the 
Annexes are described in the following sections. 

4.4.1 General Objectives 

The General Object i~s  of the GLWQA are found in Article 111. General Obpctives are broad descriptions 
of desired water quality conditions consistent with the protection of beneficial uses. These conditions include 
the absence of sludge deposits. floating materials, materials and heat producing color, odour, taste 
impairment or toxicity, and excessive nutrients. The General Objectives are intended to provide overall water 
management guidance to achieve a level of environmental quality to which both governments have agreed. 



4.4.2 Specific Objectives 

The specific objectives are described in Article IV of the GLWQA and listed in Annex 1. The objectives 
represent minimum lev& of water quality and maximum concentrations of toxic substances in fish tissue 
agreed to by both federal governments. Under the agreement, the objectiws may be amendad, or new 
objectives added by mutual consent of both governments. 

The 1987 amendments to the Agreement clarify that the Specific Objtctives are consistent with the other 
portions of the Agreement (e.g. to virtually eliminate the discharge of any or all persistent toxic sub6tance.s). 
Therefore. the Sperific Objectives identified in Annex 1 for mrsistent toxic substances are adopted as Interim 
0bjectiG. A &rsistent toxic substance is defined as any Gxic substance with a half-life in wakr of greater 
than eight weeks. A summary of the Spedfic Water Quality Objtctivts from Annex 1 is provided in 
Table 4.17. The reader is referred to the GLWQA for a complete listing. 

Table 4.17 Great Lakes Water Quality Agreement Spedfic Objectives for Ambient Water Quality. 
(All concentrations are in y /L unless otherwise noted.) 

Aldrin + Dieldrin 
Chlordane 
DDT + metabolites 
Endrin 
Heptachlor + Heptachlor Epoxide 
Lindane 
Methoxyddor 
Mirex 
Towphene 
Dibutyl phthalate 
Di(2-ethy1hexyl)phthalate 
Other phthalic aad esters 
Phenol 
Diazinon 
Guthion 
Parathion 

Parameter I Specific Objectives (pgA) 

inorganics' 

Unspecified. persistent organic compound 

Arsenic 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Mercury 
Nickel 
Selenium 
Zinc 
Ruoride 
Total Dissolved Solids (mg IL) 
Ammonia, unionized 
TotaI 

All metals (except mercury) are the total of all forms present in an unfiltered sample. Total mercury shall 
be measured in a filtered sample. 

Value for Lake Su nor - 10 @/L; Lake Huron - 20 @L; remaining Great Lakes - 25 cglL. ' Present (as of 197 lr ) levcls should be maintained, but 200 mglL must not be exceeded. 
$ Should be less than detection levcls as determined by the best scientific methodology available. 

50.0 
0 2  

50.0 

400 
0 2  

25.0 
10 
30 .o 

1 9 0  200 
20.0 

90.0 
Oraanics 
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Spcdk  objtctives for contaminant concentrations in fish for the protection of human health, and fish eating 
bIrds are shown in TaMe 4.18. 

Table 4.18 GLWQA Specific Objtctives for F& T i u e .  
(Concentrations are given in cg/g on a wet weight basis.) 

Parameter 

Mercury 
PCB 
Aldrin + Dieldrin 
DDT + metabolites 
Endrin 
Heptachlor + Heptachlor epoxide 
Lindane 
Mirex 

-- 

Concentration in Edible I Whole Fisht 
Portion' 

Note: "---' indicates that the GLWQA does not contain specific objtctives. 
Great Lakes Water Quality Agreement objectivts for protection of human consumers of fish. 
GLWQA specific objtctives for protection of birds and animals which consume fish. 
Concentrations should be less than detection as determined by the best scientific methodology 
available. 

4.4.3 GLWQA Annexes 

There are 17 annexes to the GLWQA They are an integral part of the Agreement and set forth objectives, 
prinaples, programs, and reporting requirements to which both federal governments have agreed. As such. 
the annexes must also be considered in the development of the RAP. 

Annex 1, previously described, lists the Specific Obprctiws and requires the compilation of three lists of 
substances which are present or potentially present within the water, sediment or aquatic biota of the Great 
Lakes System and b e l i e d  to have acute or chronic toxic effects on aquatic, animal or human life. The fint 
list identifies know toxicants present in the aquatic ecosystem. The second list identifies compounds which 
are present and suspected of causing toxic effects on aquatic, animal or human life. The third list is used to 
identlfy known toxicants amich may be present in the aquatic ecosystem. To date, the Parties have made 
little progress toward compilation of these lists. 

Annex 2 discusses the Remedial Action Plans (RAPS) and Lakewide Management Plans (LMPs), including 
the designation of Areas of Concern (AoCs). and the contents and reporting requirements for RAPS and 
LMPs. While most of the jrisdictions have actively worked toward development of RAPS for the AoCs, the 
Parties have made little progress in development of LMPs for the Great Lakes. 

Annex 3 includes programs for the control of point and nonpoint sources of phosphorus into the Great 
Lakes System. For example, in 1976, the estimated total phosphorus load to Lake Erie was 20,000 metric 
tons per year. The estimated load that will be discharged when all muniapal waste treatment facilities over 
1 MGD achieve compliance with the 1 mg/L effluent concentration (as required by Article VI of the 
GLWQA) will be 13,000 metric tons per year to Lake Erie. The phosphorus target load (poiit and non- 
point sources combined) for Lake Erie is 11,000 metric tonslytar to meet ecosystem objectives. 



Ann- 4, 5.6,8, and 9 address the discharge of oil and hazardous polluting substances and wastes from 
vessels and onshore and offshore facilities. These annexes set forth criteria to be adopted by both countries 
for (1) the prevention of discharges of oil and hazardous polluting substances; (2) the prohibition of 
discharge of garbage; (3) the prohibition of discharge of wastewater (including ballast water) in harmful 
amounts or concentrations; and (4) the requirement for vessels to contain, incinerate. or treat sewage to an 
adequate degree. 

Efforts to prevent introductions of zebra mussels by way of ballast water were undertaken by the U.S. and 
Canadian Coast Guards, acting under the GLWQA The Canadian Coast Guard in consultation with the 
U.S. Coast Guard, S t  Lawrence Seaaray Authority, Shipping A d a t i o n ,  Fisheries and Oceans Canada, 
Environment Canada and the Great Lakes Fisheries Commission, established voluntaq guidelines that 
became effective May 1, 1989. These guidelines specify that ships entering the Seaway should exchange their 
ballast off the continental shelf at depths greater than 2000 meters. In the event that this is not possible, 
ballast water may be urrhanged in the Laurentian Channel in the Gulf of St. Lawrence. 

The Canadian Coast Guard and US. Coast Guard are responsible for the review of services, systems, 
programs, recommendations, standards and regulations relating to shipping activities for the purpose of 
maintaining or improving Great Lakes water quality. Annex 9 provides for the continued maintenance of the 
p i t  contingency plan (CANUSLAK) developed under Annex One of the Canada - United States Joint 
Marine Contingency Plan. The purpose of the plan is to provide for a coordinated and integrated response 
to pollution incidents in the Great Lakes System. 

Annex 7 establishes a subcommittee under the UC Water Quality Board to review dredging practices and to 
develop guidelines and criteria for dredging activities in the boundary waters of the Great Lakes Systems. 
The subcommittee is also responsible for development of specific criteria to classify contaminated sediments 
of designated areas of intensive and continuing dredging activities in the Great Lakes System. 

Annex 10 directs the Parties to establish and maintain two lists of substances known to have, or potentially 
have, toxic effects on aquatic or animal life of which there is a risk of beiig discharged into the Great Lakes 
System. These lists are included as Appendices 1 and 2 of the Annex The two governments are directed to 
develop and implement programs to minimize or eliminate the risk of release of these substances into the 
Great Lakes System. 

Surveillance and monitoring activities are outlined in Annex 11. In general, the purpose of these activities is: 
(1) to ensure that jlrisdictional control requirements are being mef (2) to gather data to measure the 
progress toward achieving the General and Specific Objectives, (3) to evaluate water quality trends, and (4) 
to identify emerging water quality problems. This annex supports the development of RAPS and LMPs 
pursuant to Annex 2. 

Annex 12 defines persistent toxic substances and sets forth regulatory strategies and programs to be adopted 
by both countries for controlling or preventing the input of such substances into the Great Lakes Systems. 
Monitoring and research programs, including the establishment of an early warning system to antiapate 
future toxic substances problems and the establishment of action levels to protect human health, are 
addressed in this annex The general principles to be followed in the development and adoption of 
regulatory strategies and programs under this Annex include the virtual elimination of the input of persistent 
toxic substances, and the reduction in generation of contaminants. 

Annex 13 further delineates programs and measures for the abatement and reduction of nonpoint sources of 
pollution from land-use activities. These measures include efforts necessary to further reduce nonpoint 
source inputs of phosphorus, sediments, to ic  substances and microbiological contaminants contained in 
drainage from urban and rural land, including waste disposal sites. in the Great Lakes Systems. The annex 
refers to RAPS and LMPs as information sources to identify nonpoint source concerns, and to assist in the 
development and implementation of watershed management plans. The annex also calls for the identification 
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,i and preservation of wetland areas and the determination of nonpoint source pollutant loadings to the Great 

Lakes system. 

Annex 14 is an agreement betarcen the two countries to study the issue of contaminated sediments, 
detennine the impact of contaminated sediment on the Great Lakes Basin Ecosystem, and develop a 
standard approach and agreed procedures for the management of contaminated sediment. The annex 
rquires the govtmmcnts of both countries to evaluate existing technologies for the management of 
contaminated sediment and to implement demonstration projects at selected AoCs. Information obtained 
through this research should be used to guide the development of RAPs and LMPs. 

Atmospheric deposition of toxic substances to the Great Lakes Ecosystem is addressed in Annex 15. The 
annex rquires that the Parties conduct rtsearch to detennine pathways, fate and effects of airborne toxic 
substances in the Great Lakes System. An Integrated Atmospheric Deposition Network is to be established 
to (1) identify and track airborne toxic substances; (2) determine atmospheric loadings of toxic substances to 
the Great Lakes System; and (3) define temporal and spaaal trends in the atmospheric deposition of toxic 
substances. Pollution control measures will be developed and implemented for sources found to have 
significant adverse impacts on the Great Lakes System. 

Annex 16 directs the governments of both countries to identify and assess the impact of contaminated 
groundwater on the Great Lakes System. This information should be used in the development of RAPs and 
LMPs. The governments agree to control the sources and the contarninated groundwater itself. 

Annex 17 describes research necessary to achieve the goals of the G L W Q k  This includes research of the 
sources and fate of toxic substances in the Great Lakes System, and their ecotoxiaty. Also addressed are 
research needs on the effects of varying the lake levels, and the impact of water quality and the introduction 
of non-native species on fish and wildlife populations and habitats. The need for the development of control 

i technologies for point source discharges, for action levels for contamination which incorporate multimedia . . exposure, and for epidemiological studies to determine the long-term, lowlevel effects of toxic substances on 
human health are also discussed in this annex 

4.5 ONTARIO-MICHIGAN EMERGENCY NOTIFICATION PROTOCOL 

The Province of Ontario and the State of Michigan have agreed to notify each other and provide appropriate 
information in the event of an acddental discharge to the water or air in areas that may have transborder 
impacts. Detailed emergency notification procedures outlining contact responsibilities and orders have been 
established for spills originating in both Ontario and Michigan. Notification flow diagrams are provided in 
Figures 4.1 and 4.2, respectively. 

In the event of a spill in the transborder area of Ontario the spiller will contact the local government in 
Ontario and the OMOE-Spills Action Centre. The local government contacts their Michigan counterpart 
while the OMOE Spills Action Centre will contact the Michigan State Police (MSP) Operations Section. 
The local governments in Michigan will contact the Fire Departmenf Police Department, water treatment 
plants and other local agencies. The MSP Operations Section will contact MSPIEmergency Management 
Division, MSPIFire Marshall Division, Michigan Department of Public Health, local Ontario and Michigan 
Medical Officers of Health, MDNRIPollution Emergency Alert System and the local county sheriff 
departments. 

In the event of a spill in the transborder area of Michigan the spiller will contact the local government who 
will contact the MSPIOperation Section and their Ontario counterpart. The MSP Operations Section will 
contact the MSPIEmergency Management Division, MSPIFire Marshall Division, Michigan Department of 
Public Health, local Ontario and Michigan Medic. Officers of Health, MDNRIPollution Emergency Alert 
System and OMOE Spills Action Centre. 

$ 
i t  . 



Figure 4.1 
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5 ENVIRONMENTAL S t l N G  





5.1 LOCATION, EXTENT AND HYDROLOGY 

5.1.1 Location and Extent 

The S t  Marys River is the outlet from Lake Superior and leaves the lake from Whitefish Bay flowing in a 
generally southeasterly direction through several channels to Lake Huron, a distance of from 100 to 120 km, 
depending upon the route taken 5.1). The river drops approximatly 6.7 m, with most of this drop 
(6.1 m) occurring at the S t  Marys Rapids. There are several islands in the S t  Marys River the largest of 
which Sugar, S t  Joseph, Neebish and Drurnrnond, are inhabited yearround. 

The Area of Concern (AoC) for the St. Marys River being addressed by the Remedial Action Plan (RAP) 
extends from Whitefish Bay at an imaginary line drawn between Point Iroquois (Michigan) and Gros Cap 
(Ontario) to lines from Quebec Bay (Ontario) and Humbug Point (Ontario) on the St. Joseph Channel and 
Point Aux Frenes (Michigan) and Hay Point (Ontario) on the West Neebii Channel (Figure 5.1). 

5.1 -2 Drainage Basin 

T h e  S t  Mary River has a very large drainage basin because it drains all of Lake Superior and its watershed. 
Drainage from the Great Lakes is from Lake Superior through Lakes Huron, Erie and Ontario before finally 
discharging into the St. Lawrence River Fable 5.1). 

The St. Marys River immediate watershed is comprised of a number of small to medium-sized watenheds 
that drain directly into the S t  Marys River (Figure 5.2). Collectively, these watersheds include some 
2,600 krn2 of land and 230 Ian2 of water. On the Michigan side, these include the Waiska River, several 
small streams in the vicinity of Sault Ste. Marie and north of the Charlotte River. the Charlotte River, Little 
Munuscong River, Munuscong River and the Gogomain River. On the Ontario side. the watersheds include 
the Big and Little Carp Rivers, Bennett Creek, East and West Davignon Creeks, Root River, Garden River. 
Echo River and Bar River. 

Table 5.1 Summary of phpical characteristics of the Great Lakes connecting channels (Duffy er al., 
1987, Botts and Krushelnidci. 1987). 

Connecting Channel 

St. M a w  River 

Detroit River 1 51 1 1.0 1 5.400 1 3975 1 200.7 1 598.2 

St. Clair River 

Length 
(km) 

112 

43 1 1 5  5,300 379.8 199.5 5793 

Niagara River 

Net 
Elevation 

Change (m) 

6.7 

St. Lawrence River 

59 I 993 5,700 

Average 
Flow 

(m3/sec) 

2.100 

808 

457.8 

Watershed area (x 10 km 2) 

225.2 683.0 

74.0 

Land 

127.7 

6,700 521.8 

Water 

82.1 

2442 766.0 

Total 

209.8 



Figure 5.1 

St. Marys River Remedial Action Plan 

Location map of the St. Marys River Area of Concern 
( a h a  UGLCCS 1988) 

- extent of study area 1 I 



Figure 5.2 

St. Marys River Remedial Action Plan 

Watershed map for the St. Marys River .--_ 

Canada US. 

1 Big Carp River 6 Root River 10 Waiska River 
2 Lmle Carp River 7 Garden River 11 Charlotte River 
3 Bennett Creek 8 Echo River 12 Little Munuscong River 
4 West Davignon Cr. 9 Bar River 13 Munuscong River 
5 East Davignon Cr. 14 Gogornain River 



Table 5.2 shows the estimated annual discharge and flow rate for the Michigan tributaries discharging to the 
St. Marys River. In Ontario, the Root River is the only tributary that is regularly monitored. Its mean 
instantaneous discharge from 1971 through 1988 is 2.00 m3/s. Additional tributary flow infonnation is collected 
by the Department of Fisheries and Oceans Sea Lamprey Control programs during the chemical treatment of 
streams. Average flow rates, measured at the mouth of each stream during May and/or June from 1959 through 
1990, for 17 Ontario streams are shown in Table 5.3. 

Lake Superior exerts the most influence on the water budget of the St. Marys River. The flow information in 
Tables 5.2 and 5.3, when compared with the average flow rate for the St. Marys River in Table 5.1, shows that 
the cumulative flow from tributaries on both sides of the river contributes approximately 1 % to the total flow of 
the St. Marys River. 

5.1.3 Hydrology 

5.1.3.1 Physical Setting 

There are three reaches within the St. Marys River described as follows: 

1. The upper river between Whitefish Bay and the St. Marys Rapids: 
2.5 km long, decreasing in width rapidly, and characterized by sandy 
gravel, rubble or rocky shoals with emergent wetlands in protected areas. 

2. The St. Marys Rapids: 1.2 km long and 1.6 km wide with a drop of 
6.1 m. The river bed is comprised of boulders larger than 1.0 m in 
diameter and exposed bedrock with localized patches of sand and gravel. 

3. The lower river from the St. Marys Rapids to the narrows at De Tour: 
includes four large islands of which Sugar, Neebish and Drummond 
belong to Michigan, and St. Joseph to Ontario. There are also more than 
100 smaller islands < 4  km2 in area. Sugar Island splits the river into 
Lake George yn the east and Lake Nicolet on the west (Figure 5.1). [ ~ ~ ~ r o x i m a t e l ~ ~  of the river's flow courses through Lake Nicolet, 
while the remaining 26 46 flows through Lake George (Duffy el al., 
1987). Both lakes empty into two channels formed by St. Joseph and 
Neebish Islands and the Michigan mainland. Waters from Lake George 
also flow into a third channel formed by the Ontario shoreline and 
St. Joseph Island (Figure 5.1). Below Neebish Island, the first two 
channels discharge into Munuscong Bay, where the river widens and 
flows southeasterly before discharging into Lake Huron between 
Drumrnond Island and Michigan. The third channel flows easterly and 
widens into the North Channel portion of Lake Huron. The lower river is 
bordered on the west by extensive areas of emergent wetlands which 
merge into forested or palustrine wetlands. The lower river's east border 
has higher relief and palustrine wetlands are generally restricted to 
tributary mouths. The eastern shore is comprised of unconsolidated or 
rocky shores in exposed reaches, with emergent wetlands occupying the 
more protected areas (Duffy er al., 1987). 



I 
Table 5.2 Average annual flow rates and drainage area for Michigan tributaries discharging to the 

Marys River (MDNR, Data Files). 

Stream I Drainage Area (km2) 
-- 

Waiska River 
Ashmum Creek 
Charlotte River 
Little Munuscong River 
Munuscong River 
Gogomain River 
Mission Creek 
Frechette Creek 
Ermatinger Creek 
Hursley Creek 
Sailors Creek 

Annual Average Discharge (m31s) 

NA - Data not available 

Table 5.3 Average flow rates during May and or June, 1959 to 1990, for Ontario tributaries discharging 

Total 

to the St. Marys River (DFOIUSFWS, Sea Lamprey control Office, Data Files). 

8.99 

Stream 

East Davignon' 
West Davignon' 
Little Carp' 
Big Carp' 
Roott 
Gardent 
Echot 
Bart 
Sucke? 
Two Tree* 
Richardson* 
Watsons 
Gordons 
Brown* 
Koshkawongs 
H-65 Unnamed* 
H-68 Unnameds 

Number of 
Treatments 

(Number of Samples) 

Total 17 streams I 
I 

Jpstream of the Compensating Gates 

Flow (rn31s) 

Range 

- 
'Downstream of the Compensating Gates, excluding island strearns 
Tocated on St. Joseph Island 

Average 



5.1.3.2 History of Engineering Structures Influencing Hydrology of the St. Marys River 

Over the years, the S t  Marys Rapids and river have been extensively modified in order to improve navigation 
between Lake Superior and Lake Huron. The construction of locks, navigation channels and dredging have 
increased shipping activity. Subsquently hydropower, railway and highway traffic have also increased. The 
effect of these activities has heightened concerns regarding possible impacts on aquatic biota and their 
environment (Duffy ct d.. 1987. Grimrn 1989). 

A chronology of engineering events at the S t  Mary Rapids is summarized in Table 5.4. There are 
navigation locks on both sides of the river, m canals and four locks on the Michigan side and one canal and 
lock on the Ontario side (F~gure 53). Because of a wall collapse, the Ontario lock has been closed since 
1988. Three hydroelectric generating facilities, taro in Michigan and one in Ontario, are located at the 
Rapids (Flgure 53). Compensating works, a series of 16 gates, were consdcted at the head of the rapids 
(Figure 53) in 1921 in order to control the flow over the rapids and divert water to the power and navigation 
canals. Monthly discharge rates through the compensating gates are currently set by the UC (Appendix 5.1). 

Table 5.4 Chronology of engineering changes associated with the St. Marys Rapids, 1797 to 1986 
puffy et d., 1987, Kauss 1991). 

Event 

Navigation lock 115 m long constructed on Canadian Side. 
Raceway and sawmill built on American side by U.S. Army. 
Navigation canal started on American side, construction later aborted. 
Navigation lock completed on American side; construction begun in 1853. 
Dredging of lower Lake George Channel completed. 
Weitzel Lock on American side completed. 
International railway bridge completed. 
Dredging of Lake Nicolet Channel completed. 
Canadian government canal and lock completed. Old state locks on American side replaced by 

Poe Lock. 
Construction of compensating works begun. 
Sault Edison Hydroelectric Canal and power plant com leted; canal diverted enough water to 9 operate 41 turbines, each using approximately 10.6 m Is (total capacity 435 m3/s). 
Ship canal through West Neebish Rapids (rock cut) completed. 
Davis Lock on American side completed. 
Additional 37 turbines added to Sault Edison hydroelectric plant. 
Hydroelectric canal and plant completed on Canadian side. 
Sabii Lock on American side completed. 
Construction of 16-gate compensating works completed and monthly river discharges are 

set by the UC. 
Widening of Middle Neebih Channel completed. 
Widening of canal through West Neebish Rapids completed. 
MacArthur Lock on American side completed, replacing Weitzel Lock. 
Abitibi Paper Company water use reduced from approximately 198 to 1 m3/s permanently. 
Great Lakes Power hydroelectric power plant (now the Clerque Generating Station) on 

Canadian side redeveloped and capaaty increased from 510 to 1,076 m3/s. 
Berm constructed to maintain water level over rapids along Canadian shore. (St. Maxy 

Ra~ids-Whitefish Island Remedial Works for Fihervl 



Figure 5.3 

St. Marys River Remedial Actbn Plan 
The rapids area of the St. Marys River between 1888 (A) 
and in 1990 (B) 
Annual average fbw of the St. Marys River in 1990 was 1.8 xl0 ' m %  with the 
annual average flow distribution represented as percent next to the arrows. 
(rrpdi ld &IN &UyU P11967. DFO. SU L- Dlt. F&s md B W  L J U  -BOI.dd COnnd 1991) 

Industrial Use Domeatlc Usa 

Algoma Steel - 0.24% Michigan and Ontario - 0.02% 
St. Marys Paper - 0.02% 



In the late 1960's. the increased demand for water resulted in the concern that water levels over the rapids 
were not suffiaent in order to maintain the aquatic biota (DufFy a ul. 1987). In 1983 a literature study 
completed by Koshinsky and Edwards resulted in several proposals for remedial action that wuld ensure 
that the flow over the Rapids d d  be sufficient for the protection of aquatic biota and organisms. This 
study resulted in the construction of a strategically placed berm in 1985. The berm wrently maintains the 
recommended water level over a portion of the rapids (F~gure 53). 

In addition to the Rapids modification, the increasing number and size of vessels navigating the S t  Maqs 
River resulted in the dredging and ucavation of natural channels in the rims' lower reach. Lower Lake 
George and East Neebish Rapids were dredged in 1857. In 1894, the shipping channel was changed to Lake 
Nicdet and the East Neebish Channel. Subsequent aravation of bedrock in the West Neebi i  Channel 
once again altered the main navigational route. In the 1920's all channels pnre deepened. 

The locks at Sault Ste. Marie were open year round from 1974 through the winter of 1978-1979 as part of a 
feasibility study for extending navigation on the Great Lakes year round. Although the study successfully 
demonstrated that navigation times could be udended, recent dedines in commodity demand have left the 
locks closed during the winter months post-1979. Several studies ugmining the impacts of winter navigation 
on the S t  Marys River showed that drift rates of detritus, macrophytes, zooplankton and macroinvenebrates 
out of the system was accelerated during ice cover with vessel traffic (Poe and Edsall 1982). ln addition, 
sedimentation and habitat destruction from scouring by =el-induced wave and current action was increased 
with ice cover (Liston et ul., 1983). 

5.1.3.3 Discharge Rates 

Outflows from Lake Superior through the St. Marys River have been recorded since 1860. 5.4 shows 
the mean flow rate for the 124 yein of record is 2,144 m3/s, while monthly rates have ranged between a low 
of 1,161 m3/s in September of 1955, and a high of 3,597 m3/s in August of 1944. Since completion of the 
Long Lac and Ogoki Diversions in the 1940's. in which some waters originally draining north to James Bay 
were diverted into Lake Superior, there has been an increase in mean annual flow rates of the St. Maqs 
River, qual  to about 1% m3/s (or 8%). 

Figure 5.5 shows the mean, maximum and minimum monthly flows between 1900 and 1978 (Duffy er al., 
1987). On average, flows are least in March (1,869 m3/s), when Lake Superior levels are lowest, and 
greatest in September (2,379 m3/s), when the lake level is highest. 

5.1.3.4 Currents 

St. Marys River currents are highly variable and influenced by the discharge from Lake Superior, and the 
water level of Lake Huron. In this regard, velocities are impeded by high surface water levels at the river's 
mouth at Lake Huron, by easterly or southerly winds, and/or by low barometric pressures. A high water 
level in Lake Superior results in greater discharge to the river, with corresponding increases in current 
velocities. Velocities are swiftest, up to 1.0 m/s, in constricted areas and navigation channels and are 
essentially nil through some nearshore wetlands. h a result, flushing time or throughput can vary 
considerably, from about 2 days to more than 13 days (Kaus 1991). 

McCorquodale and Yuen (1987). showed that currents in Leigh Bay and Marks Bay (also known as Point 
a w  Pins Bay), are low h e n  compared to the shipping channel and are responsive to wind speed and 
direction. Wtth no wind or prevailing NW winds. a weak counter-clockpiise gyre occurs in Marks Bay. With 
ESE winds counter clockwise gyres develop in both Marks and Leigh Bays. Wmds from the south and SW 
eliminate the gyres. Wmds can also create seiches in the upper r i k  which can result in increased turbidity. 



Figure 5.4 

St. Mays River Remedial Action Plan 
Yearly avemge discharge of the St. Marys River at 
Sault Ste. Marie between 1860 and 1984 
(rmnfhdryrd, isen 

Ywr 

Figure 5.5 

St. Marys River Remedial Action Plan 

Monthly average discharge of the St. Marys River at 
Sault Ste. Marie during the period 1900 to 1978 
Itrom Duny 64 a'. 1987) 

4.0 - 
3.8 - 
3.6 - 
3.4 - 
3.2 - 

3.0 - 
m 
6- 
E 2.8 - - 
g **6 
al 

2.4 - 
r : 2.2 - 
B 

2.0 - 
1.8 - 
1.6 - 

1.4 - 
1.2 - 
1 .o 

_ - - -  ______-.------____ - - -  - - - _  
*_______- . - - - - -  - - - - - - - _ _ _ _ -  

maximum .,--' 
.-------- .  _ _ _ _ - - - - -  

1 

mean 

minimum _ _ _ _ - - - - - -  / 
- - - - - - - I 

/ - - -  - - - - - - - 
- c -  

- 
I , I I I I I I I 'I 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov k 

Month 



In the lower S t  Marys Rivtr, flows split at Sugar Wand, with about 25% of the total flow discharging to the 
north via Lake George, and the remaining flow discharging south via Lake Nicolet The flushing rate of 
Lake Nicolet has been calculated at 131 lake volumes per day between April and October, 1983 (Duffy et al., 
1987). This means that materials in solution or suspension W d  be transported through the S t  Marys 
Riwr in a matter of &F. However, it should be noted that this is a generalization and caution should be 
taken when comparing differences in currents within the navigation channels and at sites closer to shore 
where areas of stagnation can prevail (Duffy a al., 1987). 

5.1.3.5 Water Level fluctuations 

Water levels of the S t  Mary River are subjtct to three types of fluctuation: 

Seasonal: Are a result of variations in precipitation, evaporation and runoff, with the 
highest water levels occuhg during the summer and lowest in the winter. 
These factors art compoundad by the regulated monthly flows at Sault 
Ste. Marie. Water levels fluctuate an average 0 3  m annually. 

Long-Term: Are more extensive than seasonal changes, with a 1 3  m difference between 
the highest and lowest monthly mean levels in the upper S t  Marys River 
and 1.5 m in the lower river over the last 80 years (Duffy et al., 1987). 

Short-Term: Are typically caused by winds, sudden changes in barometric pressure, 
seiches and increased discharge of the river. Short-term fluctuations 
commonly cause water levels to fluctuate a few an over several hours; 
however, a large fluctuation of 15 m within a three hour period has been 
recorded on the St. Marys River (Duffy et d., 1987). 

5.1.3.6 Vessel Passage 

The passage of comrneraal cargo ships generate additional influences on the hydrology of the St. Marys 
River (Duffy et d., 1987). The passage of a cargo ship creates a water cycle in which a standing wave is 
created which increases the water level and generates currents towards the shore. After these currents reach 
the shore and are directed back to the navigation channel, a drawdown of water occurs which increases 
current velocity. This drawdown continues until the current reverses itself and heads again towards the shore 
creating a surge. This cycle continues until current velocities diminish. Finally at the end of the cycle, water 
levels increase at the shore before returning to ambient conditions when the natural hydrology of the river is 
resumed. Water level fluctuations can range between 0.01 m and 0.7 m. and currents generated by ship 
passage can reach a speed of up to 1.0 m/s (Duffy et d., 1987). 

5.2 CLIMATE 

5.2.1 Air Temperature 

Average air temperatures range from -105.C in January to 175'C in July (figure 5.6). Air temperatures are 
moderated throughout most of the year by Lake Superior. Based on recordings taken between 1951 and 
1980. the average first day of O"C in the Fall is September 27, and the average last occurrence in the Spring 
is May 26. The highest temperature on record, 36 .X .  occurred in 1888 @ufQ et d., 1987). 



Figure 5.6 

St. Mays River Remedial Action Phn 

Mean monthly air temperature for Sault Ste. Marie, Michigan 
The means are calculated over a 30-year p e w  hetween 1951 and 1980. 
(from d d. free? 
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5.2.2 Water Temperature 

Temperatures of S t  Marys River open waters are near @C for four months of the year and generally follow 
surface water temperatures of Whittfish Bay which range betarten O"C from December through March to 
1gC by mid-September. Shallow, nearshore anas (i.e. emergent wetlands) may have temperatures 1 to 6°C 
higher in the summer. 

Ice forms on the S t  Marys River with broad, shallow areas freezing fin4 followed by the deeper, faster 
reaches. Munuxx)og Lake usually f r e e d  first in mid-December followed by Raber Bay and Izaak Walton 
Bay. The last sites to freeze over by mid-January are the faster reaches of the river at the north end of Lake 
Nicolet Ice thickness varies considerable on the river. Ice break-up is the reverse of the freue-up trends; 
that is, the faster, deeper areas tend to break-up earlier than the slower, shallower areas (Duffy et al., 1987). 

5.2.3 Precipitation 

The following are 30-year (1951 to 1980) prodpitation averages, expressed as water equivalents, and reported 
by Duffy et al. (1987), based on information collected at Sault Ste. Marie, Michigan, NOAA (1985). 

The annual mean is 85.0 an; 
February is the driest month with a mean of 43  cm, while September is 
the wenesc with a mean of 9.9 crn; 
Minimum and maximum monthly averages were 0.4 an and 24.1 crn for 
October, 1963 and August 1974 respectivtly, and 
Maxhum preapitation in 24 hours ranged (on a monthly basis) 
between a low of 2.8 an in February, 1977 and a high of 15 an in 
August, 1974. 

Total seasonal snowfall ranges from a minimum of 0.82 m (in 189911900) to a maximum of 4.54 m 
(1976/1977) (Duffey ef al. 1987). On average, permanent snow cover begins on November 21 and remains 
until April 7. 

5.2.4 Wind Patterns 

Prevailing winds from the northwest and southwest blow across Whitefish Bay and into Sault Ste. Marie 4070 
of the time. Wrnd speeds average between 8 and 15 mls. It is not known if these wind conditions extend 
over the entire length of the river puffy ef al., 1987). Light persistent winds, with speeds less than 4 mls, 
are more frequent over land, particularly during the summer and fall when they occur 65% of the time. 

Much of the St. Marys River shoreline is exposed to the prevailing winds and consequently wave and current 
action. In many areas there is little to no emergent vegetation and the shore and river bottom is comprised 
of rock or shifting sand. The development of emergent wetlands occur in more protected areas which are 
predominantly located on the lee side (western shore) of the prevailing winds (DufYy et a(., 1987). 

5.3 TERRAIN 

5.3.1 Geology and Geomorphology 

Geological structures underlying the St. Mary River Valley have changed little since the post-glacial period 
about 11.000 years ago. Much of the bedrock of the basin consists of wlcanic and granitic rocks of 
Precambrian origin in the north, and Ordoviaan and Silurian dolomites in the south puffy et af., 1987). 



The primary influence on surficial geology in recent times has been the fluctuating water levels. As recently 
as 3,000 ytan ago, austal rebound lifted the rock ledges at Sault Ste. Marie to a level higher than the water 
l e d  of Lake Huron. The net effect of this uplifting was to change the strait connecting Lake Superior to 
Lake Huron into the S t  Mary River as it is today puffy a d., 1987). The influence of fluctuating water 
levels over the last 4,000 ycars has been to erode surfiaal deposits, leaving remnant beaches and dunes, and 
other littoral features along the shores of the river. 

The surficial geology of the southwestern St. Marys River is composed primarily of lacustrine sediments and 
end moraines (F~gure 5.7). Level lakebed plains on the southwestern edge of the valley are interrupted by 
gently mUlng plateaus, low rounded ridges, or remnant beach ridges, sand dunes, bluffs and marshlands. In 
Ontario, knobby Precambrian rock is partially covered by a thin layer of till or lacustrine clay, especially on 
the northeastern edge of the valley puffy ef d., 1987). 

5.3.2 Relief 

Relief in the northern part of the immediate S t  Marys River watershed is distinctly rugged while the 
remainder is somewhat subdued. These differences in relief coincide with the distribution patterns of the 
underlying bedrock. Areas on both sides of the river that are underlain by sedimentary bedrock types are 
undulating to gently rolling, with occasional abrupt rises assodated with small escarpments in the bedrock or 
raised shorelines. Areas in the northern and northeast part of the S t  Marys River watershed are dominated 
by Precambrian bedrock that results in higher relief with a more irregular and knobby character. 

5.3.3 Soils 

The soils along the north shore of the St. Mary River strongly reflect the distribution of glacial and post- 
glacial deposits. Loosely consolidated sandy soils of varying depth occur from the outlet of Lake Superior to 
about the wtstern end of Sault Ste. Marie. Similarly, coarsely textured soils derived from sand and gravel 
outwash occur near the mouth of the Garden River. Elsewhere, finer textured clay and silt loarns 
predominate however, these soils are interspersed with local organic deposits which have accumulated in 
depressions, and bedrock outcroppings with shallow mantles. These classified mineral soils ('Table 5.5) are 
similar on both sides of the river. They are highly retentive of water, as are the organic soils which are most 
common west and south of Munuscong Lake puffy  et al., 1987). 

5.3.4 Terrestrial Vegetation 

The vegetation of the study area has been classified as typical of the northern conifer-hardwood forest 
(Curtis 1959). the temperate forest (maple-beech-hemlock) biome of North America (Shelford 1%3), and the 
Great Lakes-St. Lawrence forest region of Canada (Ro* 1972). The St. Marys River and its environs are 
included within the Algoma section of the Great Lakes-St. Lawrence forest region (Row 1972), which is 
characteristically dominated by sugar maple, yellow birch, red oak, iron- and white birch on well-drained 
sites. Conifers such as white pine, red pine, white spruce and balsam fir attain varying levels of co- 
dominance in these stands. 

Poor to very poorly drained sites commonly support a vegetation cover that is often more boreal in 
character, with black spruce, tamarack, and white cedar b e i i  the major speaes. However, lowland 
hardwood stands of black ash, balsam poplar, and white elm are equally abundant. 

Moist to wet marginal sites support a variety of minor plant communities, including lowland thickets of 
speckled alder, various willows, and sweet gale, marsh communities dominated by emergent species such as 
hardstem bullrush, burr reed, cattail, spikerush and wet meadows dominated by sedges, grasses and 
numerous other hydrophytic species. 

1 
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Table 5 5  Predominant soil types in eastern Chippewa County, Michigan and on islands within or 
lands adjacent to the St. Marys River puffy et d., 1987). 

Soil Type r 
Bergland silty clay loam 
Bruce fine sand loam 
Blue Lake sandy loam 

(stoney phase) 
Coastal beach 
Carbondale muck 
Detour stoney loam 
Eastport sand 
Grandby sand 
JohnswOOd stoney loam 
Munising stoney loam 
Munising stoney sandy loam 
Newton sand 
Ontonagon clay 
Ontonagon silty day loam 
Rock outcrops 
Spaulding peat 
Strongs loamy sand 
Tahquamenon peat 

Location 

West 
Lake 

Nicolet 

X 
X 

X 

X 
X 

X 

Sugar 
island - 
X 

X 
X 

X 

- - 

lsland - 
X 

X 

X 

X 
X 

Sand 
lsland 

X 

X 

X 

Drummond 
lsland 

5.4 LAND USES 

5.4.1 Undeveloped Lands 

Most lands within 5 km of the St. Marys River shoreline are undeveloped forest and wetlands which provide 
habitat for fish and wildlife. These lands total approximately 163,000 ha, which represents about 83% of the 
total area in the S t  Marys River immediate watershed. 

5.4.2 Agriculture 

Agricultural production in the St. Marys River Valley is limited by a growing season which averages 134 days 
per year, and generally shallow, pooriydrained soils (Duffy et al., 1987). Agriculture focuses on dairying and 
beef production, with hay being the dominant crop. Approximately 140,000 ha of the St. M a y  River valley 
in both Ontario and Michigan is under cultivation puffy et al., 1987). Table 5.6 outlines the agricultural 
characteristics on the Michigan side of the St. Marys River. Equivalent information for Ontario is not 
available. 



Table 5.6 Agricultural resource characteristics for the Michigan side of S t  Marys River valley 
@GLCCS Nonpoint Source Workgroup 1987). 

1 Feature 

Total land area 
Land in f anns 
Area in farms 

Cattle and calm 
Milk cows* 
Hogs and pigs 
Sheep and lambs 
Poultry 

Cam 
Wheat 
%Wan 
Hay 
Vegetables 
Orchard 

Description 

203.546 ha 
19.836 ha 

9.7 % 

'Included under cattle and calves 

5.4.3 Urban and Rural Residential 

About 5% or 10,000 ha of the lands within 5 km of the S t  Marys River shoreline have been urbanized. The 
main centres, Sault Ste. Marie, Michigan and Sault Ste. Marie. Ontario are located in the upper reach and 
rapids area of the St. Mary River with populations of 14,000 and 81,000 respectively. 

The population of Sault Ste. Marie, Michigan declined from 16,240 in 1976 to 13,960 in 1986, at an average 
rate of 1.4% per year. In the same period, the population of Sault Ste. Marie, Ontario decreased very 
slightly. From 1976 to 1981 the population increased at a rate of 0.41% per year, but declined at about the 
same rate to 80,905 in 1986 (Table 5.7). 

Smaller hamlets of Garden River, Echo Bay and Echo River are located downstream of Sault Ste. Marie, 
Ontario. Them are also two Indian Reserves, Rankin Location and Garden River lndian Rtservt. 1986 on- 
resem populations were 386 and 821, respectively. Permanent and considerable seasonal residential 
development occurs along portions of the mainland and island shorelines, on both sides of the river. There 
appears to be a trend along the Ontario shoreline to turn summer cottages into year-round residences. 

5.4.4 Industry 

Two mapr industrial developments, steel and paper making, were established in the early 1900's in Sault 
Ste. Marie, Ontario. The dominant rnanufacauing industry is the Agoma Steel Corporation's integrated 
steel mill. During the 1970's. this operation employed about 10,000 people. However, employment levels 
have since declined. The St. Marys Paper Company is also located in Sault Ste. Marie, Ontario, and employs 
about 450 people puffy et uf., 1987). There are no other mapr industries along either side of the river. 
although some minor light industries, mainly secondary manufacturing supporting the steel and paper 
industries, exist in Sault Ste. Marie, Ontario. 



Table 5.7 Population densities for Sault Ste. Marie, Michigan and Sault Ste. Marie, Ontario and the 
Rankin Location and Garden River Indian Reserves. 

Sault Ste. Marie, 
Michigan 

Sault Ste. Marie, 
Ontario 

Rankin Location 
Lndian RS~M 

Garden River 
Indian Reserve 

Population I Change I% per year) 

Copper, lead and silver have been mined in the S t  Marys River Valley and dolomite has been quarried on 
East Neebih Island (Duffy a al., 1987),. For many years a sand and gravel company, AB. McLean Ltd. 
extracted aggregates (approximately 20,000 m3 per year) from the St. Marys River, with facilities located in 
downtom Sault Ste. Marie, Ontario. AB. McLean Limited is currently extracting aggregates from a 567 ha 

C 

plot in Whitefish Bay, immediately offshore from Pointe a m  Chenes. The company holds a licence issued by 
the OMNR to extract about 60,000 m3 of aggregate annually, provided that no removal is canied out in 
areas kss than 3.66 m below datum for Lake Superior (183 m above sea level). In 1986, A.B. McLean Ltd. 
applied to expand its operations over a five year period according to the following schedule: 

According to BAR.  Environmental (1988). a temporary licence was granted to extract 200,000 m3 in 1987; 
however, only 25,000 m3 of material was actually removed. In connection with a study to evaluate the effects 
of sedmentation on Lake Whitefish spawning grounds, a temporary licence to excavate 200,000 m3 was again 
granted in 1988. Approximately 150,000 m3 of material was removed. The 1990 permit has been issued by 
the Ontario Ministry of Natural Resources. 

5.4.5 Waste Disposal Sites 

5.4.5.1 Michigan 

There are three municipal, four industrial waste disposal sites and one site of environmental concern within 
the imnediate watershed of the St. Marys River AoC (Figure 5.8). 

The municipal sites include the Dafter, Bay Mills and Superior Sanitation-Rudyard Landfills. The Dafter 
landfil is currently the only active site. Bay Mills was dosed in mid 1991 and Superior Sanitaion-Rudyard 
was dDsed in early 1990. The Anderson Corporation has purchased the Superior Sanitation-Rudyard site 
and imtalled monitoring wells and a new leachate collection sptem in order to reopen the site. Both the 
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Dafter and Bay Mills sites have monitoring wells for the detection of groundwater contamination. These 
three sites were licensed to take domestic and general municipal wastes, light industrial refuse and sludge 
from local wastewater treatment plants. 

Three industrial waste disposal sites (all closed), the Cannelton Industries Site, Sault Ste. Marie Disposal 
(Union Carbide) and the Superior Sanitation 3 mile site are on Michigan's Priority List for Evaluation and 
Interim Response (Act 307 List). The Cannelton Industries Site is also a federal Superfund Site. 

The Cannelton Industries site was the location of the former Northwestern Leather Company, a tannery 
which operated from 1900 to 1958. About 0.4 ha of the site is characterized by multi-coloured soils demid of 
vegetation. Soils on site contain e k ~ t e d  levels of arsenic, cadmium, chromium, copper, lead, zinc and 
cyanide. 

Sault Ste. Marie Disposal (Union Carbide) is a waste pile approximately 800 m long and 45 m high, unlined 
and uncovered. The wastes are from Union Carbide's production facility. Wastes are predominantly calcium 
carbonates with minor amounts of heavy metals and cyanide, along with varying amounts of demolition 
debris (MDNR 1989). 

The Superior Sanitation 3 mile site contains municipal and light industrial refuse and is now dosed. This 
landfill is covered with a clay cap and six monitoring wells were installed. Based on limited monitoring data, 
there seems to be an effect on groundwater due to the landfill, but the degree of contamination is unclear. 
The fourth industrial disposal site is the Soo Line Railroad Solid Waste site. It is located approximately 
800 m from the St. Marys River and contains construction and demolition debris, trees, stumps and other 
inert wastes. 

The former 753 Radar Station is an area of environmental concern. It is an Act 307 site because of 
t 
1 groundwater contaminated with lead, PCE, TCE and TCA The USACOE is responsible for the site, and 

has produced a hazardous and toxic waste evaluation and is proceeding with site cleanup. 

5.4.5.2 Ontario 

There are two waste disposal sites on the Ontario side of the St. Mary River, the Algoma Steel Corporation 
Limited's Slag Dump Area and the City of Sault Ste. Marie's Landfill (Cherokee) site (Figure 5.8). 

The Algoma Steel Slag Site is a 328 ha Licensed disposal facility, adjacent to the St. Maqs River at the west 
end of Sault Ste. Marie, which has been in operation since 1910. The predominant material deposited at the 
site is primarily waste slag from iron and steel operations. However, h e ,  industrial refuse. waste add and 
oil, coke oven gas condensate, and sludge are also disposed on the site (Beak 1988). According to LaHaye 
(pen. cornm.) oil and coke oven gas condensate are no longer disposed of at the slag dump. In total, 
approximately 718,600 tomes of solid waste and 66,800 tomes of liquid waste are disposed of annually. 
Several investigations havt indicated the presence of numerous contaminants beneath and adjacent to the 
site. Beak Consultants have carried out contamination studies from 1988 through 1990. Groundwater 
samples were analyzed for the following parameters: DIC, alkalinity, Cl, Br, F, SO,, NO3, sulphide, cyanide, 
Ca, Mg, Na, K, Zn, Cd, Mn, Co, Cu, Fe, Pb, Cr, Ni, Be, Mo, Ca, Ba, Al, Sr, As, Se, Hg, N H ,  TKN, total P, 
DOC, oil and grease, PCBs, VOCs, BTX and PAHs. The final report on their findings has yet to be 
released. 

The Cherokee Landfill is a 56.6 ha site northeast of Sault Ste. Marie, Ontario. Wastes deposited at the site 
are approximately 60% domestic (200 tonneslday), 10% commercial (35 tonneslday), and 30% sewage 
sludge (100 tomesfday). A proposed expansion of the site to 88.6 ha has resulted in an ongoing 
environmental assessment. 



5.5 WATER RESOURCE USES 

5.5.1 Shipping 

According to D w  d ul. (1987). the number of ship pasaga between 1970 and 1981 ranged between a high 
of 13,991 in 1973 and a low of 11,059 in 1977. However, the number of passages has decreased in recent 
years due to older smaller ships being replaced by nearer, larger ones, and lower costs of overland 
transportation. In 1986, only 4345 vessels passed through the locks. These w e l s  carry mainly crude oil, 
grain, steel, coal, petroleum products, taconite and iron ore between Lake Superior and the industrial centres, 
of the lower lakes. The total amount of cargo (metric tonnes) passing through the S t  Mary River from 
1987 to 1989 is listed as follows (R Quick, Canadian Coast Guard, pen. comm.): 

1987 345,099 metric tonnes, 4% of the total volume of petroleum products shipped in the Great 
Lakes Region (including Canada and US. shipments) 

1988 364,128 metric tonnes, 3% of the total vdume of petroleum products shipped in the Great 
Lakes Region (including Canada and US. shipments) 

1989 469,791 metric tonnes, 4% of the total volume of petroleum products shipped in the Great 
Lakes Region (including Canada and US. shipments) 

Shipping is suspected to be a vector for the accidental introduction of some =tic species, i.e. zebra mussels, 
into the Great Lakes. 

5.5.2 Water Supply 

The St. Marys River is the source of drinking water for )Ist over %,MI0 people through municipal intakes in 
the upper river at Big Point, Michigan and Gros Cap, Ontario, as well as numerous communal and private 
intake. along its entire 120 km len . The rated capaaty and average consumption volume for the Michigan P water filtration plant is 15 x ld m per day and 9 5  x ld m3 per day, respectively. Construction of a new 
water filtration plant is scheduled for 1991. The new plant will have a design capacity of 22.7 x l d  m3 per 
day. 

The Ontario water filtration plant obtains approximately WO of its water from Whitefish Bay at Gros Cap 
and the remaining 50% from 6 wells drawn from 2 aquifers north of Sault Ste. Marie (Public Utilities 
Commission. Sault Ste. Marie, Data Files). The amount of water from each source varies depending upon 
demand, cost and availability (i.e. wtll repair). The water intake from the S t  Marys River was m o d  to 
Gros Cap in 1987 in order to be removed from shipping and contaminant discharges. The water filtration 
plant has a base design capaci of 40 x l d  m3 per day and can supply water at rates r 
17 x id m3 per day to 60 x 1 9 m 3  per day. A W e d  water storage resemir ( 1 5 , O O O ~ ~ k  in- 
ground storage tanks (33,000 and 10.000 m 3  can provide an increased water supply if required. 

The river also serves as a supply for cooling and processing water for Algoma Steel and St. Marys Paper. 
Up to 93% of the river's flow is allocated to the generation of hykoelcctric power at the United States 
Corps. of Engineers and the Sault Edison Electric Company plants in Michigan, and the Clerque Generating 
Station in Ontario (Rgure 53). 

5.5.3 Industry 

T w  mapr indusvies in Ontario. Algoma Steel Corporation and St. Marys Paper, use water from the 
St. Mary River for cooling and processing. Figure 5.3B shows that Algoma Steel utilizes 0.24% and 



St Mary paper uses 0.02% of the r i ~ n '  total flow. Both facilities discharge treated wastewater to the 
St Maqs River. 

5.5.4 Wetlands 

Coast?l metlands exist dong much of the lower St Maqs Riwr (Egure 5.9), where a lack of wind or waws 
allow a finegrained substrate to develop. These provide habitat for fish, waterfowl and wildlife, and 
recreational opporhmities. 

HudenQrf a d. (1W)  identified 76 wetland sites totalling 1,460 ha along the U.S. shoreline. Emergent 
wetlands are often stands of single species such as hardstem bullrush, burr reed, or spikerush. Single species 
stands represent about 65% of emergent wetlands, with miaed stands comprised mainly of hardstem bullrush 
and spike rush making up an additional 1% (McNabb a 4, 1986). Openings in emergent stands account 
for 15% of total wetland areas. 

Submerged plants occur as a low understorey in c m e r g ~ ~ ~ t  areas, and also throughout the emergent wetlands 
when substrate and water clarity permit attachment and growth (Duffy a al, 1987). Twentyeight species 
have been recorded (Liston a 4, 1986 and McNabb a 4,1986) however, two charophytes and quillwort 
dominate the biomass. The submerged species tend to colonize the river bed from the edge of the 
navigation channel shoreward to about the 2 m depth c o n w ,  ucccpt on substrates of cobble, rock and 
shifting sand (Edsall a 4, 1988). 

Coastal wetland sites on the Ontario side of the upper river are restricted to the mouth of the Little and Big 
Carp Riven, since suitable substrate is largely absent throughout the remaining areas in Marks Bay, Leigh 
Bay and Whitefish Bay. In the lower riwr, wetlands exist as small pockets between cottage lots and other 
dewdoped areas. Large wetlands occur at Echo Bay, Pumpkin Po% Bell's Point and Lake George 

5.9). 

5.5.5 Fish and Wildlife Habitat 

5.5.5.1 Fish Habitat 

Duffy a-4. (1987) has identified four primary habitats in the St. Marys River. Each habitat supports a 
collection of fish species which distinguishes it from other habitats (Table 5.8). The habitats are as follows: 

(1) open-water and ernbayments; 
(2) emergent wetlands; 
(3) sand andlor gravel beaches; and the 
(4) St Marys Rapids. 

Channel characteristics significantly influence the composition of the sediments within these habitat types. 
For example, coarse materials are present in the rapids and other stretches ucposed to currents, whereas 
sand and g r a d  beaches prevail where currents are reduced. As explained by Krishka (1989), fine sediments 
tend to settle out along reaches which are protected from wind and wave action, thereby allowing the 
establishment of numerous wetlands. 

Fh species associated within each habitat are listed in Table 5.8. The information in Table 5.8 was 
compiled mainly from a s m y  carried out by Liston a al. (1986) in which sampling was done during every 
season in 1982 and 1983. It must be noted that apparent changes in species composition or abundance can 
occur if sampling is done at different times of the year in different surveys. 



Figure 5.9 

St. Marys River Remedial Action Plan 

Location of coastal wetland sites along the St. Marys River 
(prspusd hwn CandaU.S. 1987, OMNR Data F h )  



Table 5.8 Predominant fish spedes in the primary habitats of the St Marys River (Kauss 1991). 

Species Habitat 
Emergent Sand and St. Marys 
Wetlands (3ravel Beaches 

Lake sturgeon* 
Longnose sucker 
White sucker 
Bluegill 
Smallmouth bass 
Black crappie 
G i d  shad 
Mottled sculpin 
slimy sarlpin 
carp 
Emerald shiner 
Common shiner 
Spottail shiner 
Mimic shiner 
Bluntnose minnow 
Longnose dace 
Northern pike 
Burbot 
Ninespine stickleback 
Brown bullhead 

Longme gar 
Rainbow smelt 
Johnny darter 
Yellow perch 
Walk yt 
Trout-perch 
Sea lamprey 
Lake herring 
Lake whitefish 
Rainbow trout 
Brown trout 
Brook trout 
Lake trout 
Pink salmon 
Chinook salmon 
Central mud minnow L 

Sources Liston et d. as cited in Duffy ef d. (1987) 
* On Michigan threatened species list 
A Adult 
J J u d e  
L L m  
Note 1: Apparent changes in species composition or abundance can ocw if sampling ocaus at different 

times of the ytar in different s u m p .  



Many M species arc associated with more than one habitak either as they mahue from larvae to adult or as 
they move among habitats on a diurnal or seasod baris. As W, large fish species tend to be d a t e d  
with open water habitat, M e  smaller species are prominent near the bottom or in vegetation. Each type of 
habitat zone is distinctive in its species compositim and/or spuies' rclatiw abundance (Krishka 1989). 
Specifically, certain species such as gdden shiner, lake chub, longnose dace and logpcrch are largely 
d a t e d  with one partidar habitat type, while species such as white sucker, ttoutperch, rainbow smelt 
and yellow perch occur within most habitats, although a prtfercnce may be apparent. 

Open water areas of the river provide a wide wuiety of habitats, mainly for bottom-dwelling and open-water 
spedes. Ernbayments, as dl as tributaries, art also important spawning and nursery areas (Goodycar a ul, 
1932). The known @istorid and contemporary) spawning areas of three majx species, lakc whitefish, lakt 
herring and walleye, in the St. Marys River are shown in F w e  5.10. 

As described by Karas (1991). emergent wetlands s e m  as spawning, nursery and feeding areas for 44 species 
of fish, including all d the centrarchids, yellow perch, northern pike, bowfin, longnose gar, brown bullhead, 
and cypriaids, as dl as other species. Adult fishes such as d e y e  and yellow perch, move into these areas 
on a diurnal basis to forage or rest 

Beach habitat is used by fish species which are common to nearby wetlands and open-water areas, with trout- 
perch and several species of shiner dominating puffy u al., 1987). In this regard, Liston a ul. (1980) 
identified 26 species from beach seine samples taken in the Middle Neebii  Channel. Only a few species 
including troutperch and spottail shiner use beach shoreline for reproduction. Nonetheless, beaches provide 
important habitat for many species which are forage for walleye, northern pike and other important gamefish 
within the S t  Marys River. 

The fish community in the St. Mary Rapids is different from communities using other parts of the river. 
Coho salmon, chinook salmon, Atlantic salmon and pink salmon generally migrate upstream to use the 
rapids during the fall spawning runs. Some coho tend to stay in the r i w x  year round. The rapids also 
provide important spawning habitat for rainbow trouf lake whitefish, lake sturgeon, brook trouf slimy 
sculpin and walleye (Kauss 1991). Abundant forage species are also found in the rapids and are dominated 
by longnose dace and slimy sculpin. 

Up to 25 ha of rapids in the Whitefish Channel is subject to dewatering, with attendant advencrse impacts on 
fish habitat and productivity, and benthic macroinvertebrates (Koshinsky and Edwards, 1983). In 1985, a 
berm was constructed along the Canadian side of the rapids and parallel to Whitefish Island (l3gure 53). 
The Clerque Generating Station (Ontario), and Sault Edison Elecuic Company (Michigan) p i t l y  
contributed $12 million to construct the facility. 

The plan was that a suitable flow rate is maintained within the bemed area controlled by the fint gate of 
the compensating works. A constant source of flow was also provided for Whitefish Island Channel by 
piping water through the Canadian lock wall. A minimum one-half gate remains open for the remainder of 
the rapids south of the berm, in accordance with the 1955 Modified Rule of 1949 of the International Lake 
Superior Board of Control (Krishka. 1989). Howtver, the reduction allows large areas of the river bed to be 
dewatered on the U.S. side and creates inadequate flow velocities on the Canadian side. 

5.5.5.2 Sea Lamprey Habitat 

The sea lamprey is one of the many accidentally introduced species now thriving in the Great Lakes puffy 
a al.. 1987). Introduced into the upper Great Lakes after the opening of the Wdand Canal in 1929. the first 
report of sea lamprey in Lake Huron was made in 1932 (Lamsa a d., 1980). In 1962, the first larval sea 
lamprey were found in the St. Marys River (DFOIUSFWS, Sea Lamprey Control Office, Data Fdts). 
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The St. Marys Rapids and other areas of the river and its tributaries with gravel or rubble substrate provide 
excellent spawning habitat for sea lamprey. Larval lamprey, termed nmmocoetes, leave the nest by August and 
drift downstream, settling into soft silt or mud substrates when they burrow head first to establish a burrow 
from which they emerge to filter diatoms and algae from the water. Ammometes live for 3 to 17 years 
(Goodyear a al., 1982) before metamorphosing into the parasitic stage after which they move into the Great 
Lakes to feed on the blood of fish for 1 to 1.5 y m .  Adults then return to spawn after which they die. 

The Canadian Department of Fisheries and Oceans sea lamprey assessment traps fished at the Clerque 
Generating Station and the U.S. Fish and Wildlife Service traps fished at the Corp of Engineers Power Plant, 
have estimated adult populations during the annual spawning nm since 1976. Population estimates are based on' 
the mark-recapture method of adult lamprey at the Rapids. F i p  5.118 shows that the number of adult sea 
lamprey have steadily increased from a low of 16,812 in 1986 to almost 27,000 in 1989 (DFOAJSFWS, Sea 
Lamprey Control Office, Data Files). Ongoing mark and recapture of larval sea lamprey by DFOAJSFWS's 
Sea Lamprey Control section have estimated the number of ammometea in the St. Marys River be 
approximately 6.8 million within 6,698 ha (1,015h) (DFOIITSFWS, Sea Immprey Control Office, Data Files). 
Figure 5.11b shows their habitat covers a major portion of the river, particularly the Rapids area, the Sugar 
Island North Channel and Lake Nicolet. 

5.5.5.3 Wildlife Habitat 

The St. Marys River has an abundant supply of diverse riparian bird habitat. One hundred and eighty-six 
species of waterfowl, colonial waterbirds, shorebirds, passerines and raptors inhabit the area, as residents or as 
temporary inhabitants. As well, the river is an important staging and migration corridor for dabbling ducks, 
diving ducks and geese (Figure 5.12). These wetlands occur behueen the wetlands of Lake St. Clair and Long 
Point to the south and the rich wetlands of northwest Ontario. Wetlands of the St. Marys River are part of a 
series of feeding and resting areas utilized by waterfowl while migrating to and from their prairie beeding and 
southern wintering areas. Ice-free areas in the rapids along the Sault Ste. Marie, Ontario shoreline, and near 
the outflow of Sault Edison Canal in Michigan are used by over-wintering mallards, black ducks, Canada geese, 
common goldeneye, common mergansers, and greater and lesser scaup puffy cl al., 1987). 

The river provides breeding, nesting, and rearing habitat for mallards, common mergansers, wood ducks, black 
ducks, Canada geese, common goldeneye, blue-winged teal, American widgeon, American coot, northern 
pintails, ring-necked ducks and common loons. Colonial water birds nesting on the many islands and in the 
marshes along the banks of the river include ring-billed gulls, common terns, double-crested cormorants, great 
blue herons, black terns, herring gulls and blackcrowned night herons puffy er al., 1987, Figure 5.13). 

Raptors found in the vicinity of the St. Marys River include the northern bald eagle, osprey. snowy owl, great 
gray owl, gyrfalcon, peregrine falcon and burrowing owl. Duffy er al. (1987) indicated that these species are 
attracted to the river by its habitat diversity. More specifically, northern bald eagles were observed to nest in 
two locations on Sugar Island but the number of active nests has remained between one and two from 1974 to 
1985. The number of active osprey nests increased dramatically between 1977 and 1982, stabilizing at 15 to 16 
nests (Figure 5.14). 

When water levels are low for extended periods, 'openland/grassland' terrestrial species, such as sharp-tailed 
grouse, can be found using the large expanses of sedge meadow adjacent to the river (G. Soulliere, MDNR, 
pen. comm.) 



stMarysF)'~~~RemedalActionPbv, 

Population sstlmates of adult sea lamprey from 1985 through 198' 

raw 

F i n  5.11b 



Figure 5.12 

St. Marys River Remedial Actbn Plan 

Areas of waterfowl congregation in the St. Marys River during spring and fall 
Concentrations 01 dabbling ducks inland are only during the spring. The inset shows migration corridors lor dving & J C ~  in the Great Lakes. 
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Figure 5.14 

St. Marys River Remedial Adion Plan 
Number of active and failed osprey and northern bald eagle nests 
and young of each produced from fhe St. Marys River area 
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Riparian shorelines of the St. Ma* River provide a d l e n t  habitat for a variety of small mammals including 
beaver, otter, muskrat, mink, racamn, American water shrew and northern water shrew. Although 
quantitative data are lacking, muskrat are perhaps the most common, and the taro Spedu of shrews may also 
be abundant 

The most common large mammal is the white-tailed deer, e m  though it is not abundant on the Ontario side 
of the river @uffy a uf, 1987). Rectnt studies estimated that between 700 and 1,100 deer winter in a "deer 
yard" on Neebish Island, with fewer than 100 in another yard northwest of Sault Ste. Marie, Ontario puffy 
u uf, 1987). The distribution of critical white cedar habitat suggests that white-tailed deer should be even 
more abundant in the southern part of the AoC than current numbers suggest (Duffy a al, 1987 and 
Figure 5.15). 

In Michigan's Chippewa County, observational records suggest that the white-tailed deer population 
increased during the middle to late 1980's compared to the 1970's (Table 5.9). 

Table 5.9 

- 
Year 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1 989 
1990 

Relative abundance of white-tailed deer in Chippewa County, Michigan, during July through 
Oaober of 1975 through 1990 (MDNR Wddlife Division, Data Fdes). 

Total 
number 

observed 

Average 
noI1OO hr 

observation time 

5.5.6 Commercial Fishing 

5.5.6.1 Michigan 

Percent 

Male Female Fawn 

27.7 
22.4 
18.6 
223 
245 
14.8 
24.1 
25.4 
21.6 
362 
292 
0.0 

23.2 
21 3 
29.9 
20.1 

Unidentified 

Commercial fishing by native people is ongoing only in the upper reach of the St. Marys River. Waters of 
Lake Superior, particularly Whitefish Bay, that have been designated for use by native peoples extend from 
Whitefish Bay into the upper reach of the St. May River ( F i i e  5.16). Tribal commercial fishing in this 
area is mostly for whitefish and lake trout. The 1988 whitefish harvest from the Michigan side of Whitefish 

i Bay was 2A2.053 kg (Great Lakes Fishery Commission, 1990). 
, ' 



Figure 5.15 

St. Marys River Remedial Acthn Plan 

Distribution of white-tailed deer winter yarding areas on islands 
and on adjacent lands in the St. Marys River 
( h O m D ~ # t d  1987) 



Figure 5.16 

St. Matys River Remedial Action Plan 

Location of commercial fishing management zones naar and within 
the St. Marys River area of concern 
(prp.nd hnn LIUNR 1991 and MDNR Oafs fib) 
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5.5.6.2 Ontario 

Commercial fishing occun in the waters of Lake Superior and Lake Huron in close proximity to the 
S t  Mvys River ( F i  5.16) w, the Ontario go~1111)ent prohibits commemal fishiog, roughly from 
Point Lorrise in the uppu river to Portlo& Island, Pad the east side of S t  Joseph Island (OMNR. 1983). 
Commercial fishing aciivitits adjacent to the rim rue briefly * .ed in the following paragraphs, since 
thcse operatiom potentially influence the river systmns fishcries through shared fish stocks. 

Scwnteen commercial fishing licences for Lake -or Management Zone 34 (Figure 5.16) have been 
issued by the OMNR, 13 d .sJhich have quotas for lake whitefish The Batchawana Indian Band is purported 
to fish within Zone 34 w, the extent of this fishery is not known. Approximately 83% of the lake 
whitefish catch for this zrme comes from the Gros Cap fishery in Whitdish Bay (BAR. Environmental 
1988). The 1986 lake vhitcfish harvest from the Ontario portion of Whitefish Bay was 54,094 kg (Great 
Lakes FIshwy Commission 1990). The lake whitdish s t a b  harvested in Whitdish Bay come from the 
spawning grounds located in the part of Whitehsh Bay which is within the S t  Marys Riur AOC 
(Egure 5.10). 

The North Channel of Lake Huron has m e  commercial fishing zone, NC-OI, which has its western limit near 
the east shore of St. Joseph Island As of 1986, this area was fished regularly by one commercial fisherman 
Also, it received occasional effort by six others (OMNR, 1987). Walleye and lake whitefish are the primary 
species sought dthin zone NC-01. The lake whitefish stocks hamsted are not considered to be related to 
the S t  Marys River stock, whereas it is suspectad that walleye spawn either in the river or in its tributaries. 
The OMNR is currently attempting to confirm the origin of this stock 

Resource use conflicts include the unknown effects on lake whitefish of aggregate dredging in Whitefish Bay 
by AB. McLean Ltd, and a perceived problem between sport fishermen and comrnerdal fishermen 
concerning walleye stocks near the Seine Islands in the North Channel. Opposing fish management 
philosophies also exist betanen those dedicated to re-establishing self-sustaining stocks and those who wish to 
increase reliance on introduced species such as the Atlantic salmon. 

5.5.7 Native Fishing 

5.5.7.1 Michigan 

The Chippewa-wa Treaty Fhery  Management Authority permits subsistence fishing in the S t  Mary 
Rjver. Subsistence fishing is defined as fishing for personal and family use, and not for sale. Treaty 
subsistence fishermen are allowed to use sport fishing gear including slagging gear, spears, gill nets which do 
not exceed 305 m in length, and other gear which arc authorized by the tribes. Species taken include lake 
mug lake whitdish, round whitefish, lake hening, walleye, @ow perch, sucker, burbot, northern pike. 
Atlantic salmon, Chinook salmon, catfish and smallmouth bass. A lisling of recorded catches for 1981 to 
1988 is provided in TaMe 5.10. 

Although the tribal commercial fishery is restricted in its hanest of certain species. these restrictions do not 
apply to subsistence fishing in the S t  Marys River. 



Table 5.10 Subsistence harvtst of fish from the St1 Marys River, 1981 to 1988, as per the regulations of 
the ChippewalOttawa Treaty Fdery Management Authority (Intertribal Fisheries and 
AEsessmtnt Program, Data ~des) .  - 

Specie6 Taken 

Lake trwt 
Lake whitefish 
Menominee 
Lake herring 
Walleye 
Yellow perch 
Suckers 
Blubot 
Northern pike 
Rainbow trout 
Channel catfish 
Smallmouth bass 
Rock bass 
Carp 
Chinook salmon 
Pink salmon 
Bullhead 
Other 

Total 

5.5.7.2 Ontario 

Both the Garden River and Rankin Location Indian Reservts have subsistence fisheries. 

In the 1930's. the Garden River Indian Band harvested considerable quantities of lake whitefish in the order 
of 9 tomes annually. Howver, stock depletion in the lower St. Marys River redirected efforts toward other 
spedes. Former lake whitefish spawning and fishing areas near Pumpkin Point and Partridge Point are no 
longer considered to be productive waters for this species. Currently, the band's subsistence fishery is mainly 
walleyt in the spring, although rainbow trout, yellow perch. northern pike, muskellunge and lake sturgeon are 
also taken. Pacific salmon are the species of interest in fall. Gi nets are used at the mouths of the Echo 
River, Garden River and Root River. The St. M a y  River is generally avoided since the gear becomes badly 
fouled in the strong current 

Conflicts currently exist between the Batchawana Indian Band and the OMNR regarding aboriginal fishing 
rights, and a court w e  is pending. 

5.5.8 Sport Fishing 

Sport fishing is a major recreational activity in the St. M a y  River, providing about 154,799 (+,723) angler 
days annually (Rakocry and Rogers 1988). Catch per unit effort (CUE) data for the river, exclusive of the 
rapids, declined from about 1 5  M/anglerhour in the 1930's. to an average of about 05  fish/anglerhour 
through the 1970's Figure 5.17) puffy a al., 1987). 



The OMNR has coaducted about 20 creel slvvtyr cnm the past 20 years in different areas of the river to 
assty changes in the sports fishery. Key findingr mre d by Krishka (1989) and arc as follows 

Upper St. Marys River. In the openuter swan, angling has been 
direatd at lakc whitefish, yellow per& and ~ m r t h ~  pike, and more 
recently, brown trout A winter ice fishery for lake whitefish d t s  in 
M u k  Bay, Leigh Bay, and over the past few years, above the Canadian 
ship canal; 

St. Maqs Rapids A change has occurred in target spedts, from a 
rainbow troutllake whitefish fishery prior to the 19803, to that of a 
Pacific salmoa fishuy in the 1980's. Othu spedes taken include 
rainbow trout, brook trout, brown trout, walleye, lake whitdish, and 
white suclrcr. A recent additian is the Atlantic salmon wbkh is being 
stocked by the MDNR F* guality has been relatively stable with a 
CUE d 0.1 fishlanglerhour d e n  pink salmon are duded from the 
creel (Table 5.11). Pink salmon first appcamd in the harvest in 1977, 
arithmaprnmsnowoccuninginoddycars. In1985,thepfesulctof 
this species resulted in a CUE of 0.45 fishlanglerhour (Table 5.1 1); 

Lower St. M a y  River. An increased divesity of fish spedes supports 
a Mliety of angling oppommities which are lacking in both the rapids or 
upper river Fable 5.12). Northern pike, yellow perch, walleye, 
smallmouth bass, and panfishes are the sought after species. As well, 
bmwn bullhead, lake sturgeon, channel cadish, rainbow smelt and other 
less important gamefish are taken. Most of the fishing ocaus during 
the ice-frce seasons however, the Pine Island area provides ice fishing 
for yellow perch, walleye and northern pike from January to March. In 
1988, a higher CUE of 0.60 fish/anglerhour, was measured in 
St. Joseph Channel, in comparison to the average CUE of 0.45 
fishlanglerhour in the 1970's. Between 1979 and 1988, angler effort 
and estimated harvest increased four and six limes respectively 
(Table 5.13). While northern pike was the preferred species during the 
1970's, in 1988 this spedes was surpassed by yellow perch. Walleyt 
runain a major component of the catch in this area. In Michigan 
waters, a lake herring fishery is largely COIlfined to late June and July. 
In 1986, this fishery sustained an estimated 750,000 anglerhow of 
effort, and an estimated harvest of about 141,000 fish (MDNq Data 
Fdes). During a two week period in July 1988, a creel m y  along the 
south shore of St. Joseph Island in Ontario waters estimated 4,552 rod 
h o w  of activity, 3,171 lake huring harvested and a CUE of 0.70 
fish/ anglerhour (OMNR, Data Fdes); and 

St. M a y  River tributaries: A spring rainbow trout fishery is associated 
with several tributaries including Big Carp River and Little Carp River. 
This  am^ replaced by a fall fishery for coho and chinook salmon in these 
and other tributaries. 





Table 5.1 1 Summary of ad results from the Ontario side of the S t  Marys Rapids area of the 
S t  Marys R i m  (Wurm 1987 and OMNR Data Fdes). 

Months creeled 

Period covlc~ed (days) 

CUE (fishtrod-hr) 

Effort (anglerhrs) 

Harvest (fish kept) 

I 

1977 - 
Aug- 
Nov 

104 

0.11 

3700 

407 - 

- 
1984 - 
Aug- 
Jan 

167 

0.10 

15467 

1684 - 

- 
1985 - 
Mar 
oct 

166 

0.45 

48303 

m - 

- 
1 986 - 
Aug- 
Nov 

100 

0.12 

26016 

3439 - 
There are two estimates of the economic value of the S t  Marys River sport fishery. Duffy a d. (1987) 
reported the fishery to be arorth in the order of $25 million &ually &hGchigananglers; Thibert (1985) 
antiapated that the S t  Marys River and area fishery is worth between $15 and $20 million annually to Sault 
Ste. Marie, Ontario. Thibert (1985) also noted that: 

Anglers spend an estimated $500 per year on equipment; 
It costs about $26 per day (US. dollars) for an average fishing trip in 
1983; 
Sault Ste. Marie, Ontario receives about $0.25 million in direct revenue 
from Michigan fisheries efforts; 
Sport fish generate about $25 to $40 of revenue per pound of fish 
caught to the local economy, and 
$1.00 invested in the sport fishing industry may return up to $200 to 
S300 in benefits. 

According to Krishka (1989), S t  Mary fish stocking programs have been canied out by various authorities 
along both sides of the border. The MDNR currently maintains stocking programs for atlantic salmon, 
chinook salmon, rainbow trout, brown trout, walleye and lake trout (Table 5.14). 

No fish stocking of the S t  M a y  River is undertaken by the OMNR. However, Sault S t  Marie. Ontario 
recently constructed a new fish hatchery along the city's waterfront The hatchery was operational early in 
1988, and produced 254,000 chinook salmon for stocking the S t  Marys River and Lake Superior in the fall of 
that ytar. The Sadt and District Anglers M a t i o n  (SDAA) had been stocking the S t  Marys River with 
chinook salmon prior to 1988. They continue to stock the river and Lake Superior with chinook salmon, 
brown trout and rainbow trout F& stocked by the SDAA in 1 M  are as follows: 

Brown Trout: 21,820 at the Rapids, 17,010 in Lake Superior 
Chinook Salmon: 42,020 at the Rapids, 317,854 in Lake Superior 
Rainbow Trout: 21344 at the Rapids; 24,948 in Lake Superior 

5.5.9 Hunting and Trapping 

Important waterfowl hunting areas include Pumpkin Point Marsl~ and Echo Bay on the east (Ontario) side of 
Lakt George and Munuscong Lake (Michigan). During the 1979J1980 hunting season, hunters hamsttd 
about 1,100 migratory waterfowl in about 2,700 hours from Pumpkin Point Marsh puffy a d, 1987). The 



Table 5.12 Seasonal availability of selected aame hsh species within the three mapr d o n s  of the 
Ontario watm d ihe S t  Mary k e r  (o* Creel Reports). 

B m  trout 
Lake troutsplake 
Rainbow trout 
Pink salmon 
cob0 salmon 
Cohosalmon 
Chinook salmon 
Chinook salmon 
Northern pike 
Lakcwhitefish 
Lake whitefish 
Yellow perch 

Brown trout 
Rainbow trout 
Chinook salmon 
Chinook salmon 
Coho salmon 
Coho salmon 
Pink salmon 
Atlantic salmon 
Walleye 
Lake mtefish 
Lake sturgeon 

R k  
Brook trout 
Brown trout 
Raiobow trout 
Cbinodt salmon 
Chinook salmon 
Coho salmon 
Coho salmon 
Pink salmon 
Lake sturgeon 
Lake whitefish 
Lake herring 
walleyc 
Walleye 
Yellow perch 
Yellow perch 
Northern pike 
Northern pike 
Smallmouth bass 
Brow bullhead 
Rainbow smelt 

Angling 
period 

AprNov 
MayJun 
AprDec 
Aug-Nov 
AprJun 
Sep-Nov 
AprJun 
Sep-Nov 
Jun-Scp 
AprDec 
Jan-Mar 
M a w  

AprNov 
AprDec 
AprJun 
~ p o c t  
Apr-Jun 
%-act 
A u g - 9 ~  
J a n O a  
Aug-Dec 
AprJun 
Aug-SP 

Apr-SP 
AprNov 
AprDec 
AprJun 
Aug-Oct 
AprJun 
Aug-Nov 
Aug-Sep 
Aug-S~P 
allyear 
Jun-Jul 

MayJun 
Aug-Dec 
AprJun 
Jan-Mar 
A p e  
Jan-Mar 
Apt-% 
AprJun 
AprJun 

Comments 

Gros Cap area 
mainly in tributaries in AprMay 
heavy spawning runs in odd ytars 
false run 
also at mouth and within tributaries 
false run 
also at mouth and within tributaries 

i u  fishing in Marks and Leigh Bays 

spring spawning run 
false run 
spawning run 
false run 
spawning run 
fallspawningruninoddytars 
good summer M e r y  
night fishing recommended 

Rapids, Garden River, Root River 
larger fish caught in fall 

false run 
spawning run (below Rapids), also St. Joseph Ch. area 
false run 
spawning run @elow Rapids), also St. Joseph Ch. area 
heavy spawning run in odd years 
below Rapids, mouth of Garden River 
not Med much in lower sections 
south side of S t  Joseph I.;N. Shore; S t  Joseph Ch. 
mainly sections below Garden River 
mainly in area from Pine St. Marina to the Rapids 

winter i u  fishing near P i e  Island 

winter ice fishing near Pine Island 
S t  Joseph Channel, Echo Bay, Munu~cong Bay areas 
mainly S t  Joseph Channel, Bar River areas 
spawning run; S t  Joseph Ch., East Shore of S t  Joseph I. 



Table 5.13 Summvy d creel results f b m  the St. Joseph channel area in Ontario waters of the lower 
S t  Marys River (Walker 1979 and OMNR Data Fdes). 

Mmh d e d  

Pwiod covered (days) 

CUE (fishlrod-hr) 

Jul-Aug 

51 

0.45 

7293 

3282 

1978 

Jun-Aug 

n 

0.18 

5155 

912 

Jun-Aug 

n 

0.41 

10378 

4323 

Jul-Sep 

101 

0.60 

44249 

28420 

average annual harvest of ducks in Chippewa County, Michigan, during 1961 to 1970 was 5214. Gamble 
(1989) listed the average annual 1976 to 1W harvest of ducks as 5,636 for Chippewa County, which was the 
largest duck hamst among all the Upper Peninsula counties. Assuming that hunting success estimates for 
Chippewa County are similar to those in Ontario, roughly 12,700 houn were devoted to waterfowl hunting 
annually, with much of this probably concentrated along the S t  Marys R k r  puffy a d.. 1987). Mallard, 
ring-necked ducks and green-winged teal are the primary species taken early in the fall, with scaup, mallard 
and black ducks dominating the late October and November hunt @uffy u d, 1987 and Soulliere, MDMR, 
pen. comm.). Canada goose hunting throughout the fall has improved in rtcent years. G e e s  spending the 
night on the S t  Mary Rixr  supply hunting opporhmities 30 km inland on the Michigan side. 

Riparian areas of the S t  Marys River also support a number of big and small game animals and fur bearing 
mammals which are harwtcd by hunters and trappers. Duffy a d. (1987) reported that white-tailed deer 
and black bear are hanested on both sides of the river, while moose are taken on the Ontario side only. 
Harvested small game includes the ruffed grouse, snowhoe hare and d c o c k  (Table 5.15). Between 1935 
and 1968, the increasing number of hunters increased the white-tailed deer harvest on Drumrnond Island. 
During the same period, the number of animals harvested was cyclical, with peaks occuning at five to ten 
year intervals however, since the early 1970's. both the numbers of hunters and animals harvested haw 
declined and runained relatively stable (Duffy a d, 1987). On S t  Joseph Island, only 55 white-tailed deer 
were harvested by 525 hunters in 1978 @urn e t  al. 1987). Since the introduction of the bucks only law in 
1979, with limited doe permits allowed in recent years, the whitetailed deer population on S t  Joseph Island 
has recovered to its highest numbers in 30 year. Local farmerslgardeners are suffering mapr property 
damage from deer browsing. 

Beaver is the most commonly trapped species on both sides of the river, although mink, muskrat and river 
otter are also frquently taken. Marten, fisher and lynx are harvested in Ontario, but are currently protected 
in eastern Upper Michigan. Between 1981 and 1984, the total economic value derived from the harvest of 
furs taken from the Upper Peninsula of Michigan ranged between $45 and $8.6 million annually. Returns 
from trapping in 1984 in the Sault Ste. Marie district of Ontario approximated S100,OOO (Duffy a d, 1987). 



Table 5.14 Fish stocking numbers for the St. Marys River, including both Canadian and U.S. waters, from 
1985 through 1990 (OHNR and MDNR Data Files and City Hatchery Records (Ontario)). 

St. Harys Rapids 

Lower River 

n (HDNR) 

Ashmum Bay 

Aune Park 

--  

Rapids Area 

Waiska River 

S ecies s 
Rainbow 
trout 
Chinook 

Brown trout Yr 13 500 
Walleye ff 26 567 

Lake trout 
Walleye 29 982 
Atlantic 
salmon 

Chinook sf 93 002 
salmon Yf 37 018 
Rainbow ff 27 751 
trout sf 2 148 
Rainbow Yr 16 012 
t r y t  
Rainbow 
trout 
St eelhead 
trout 

Walleye ff 
Walleye fry 



Table 5.14 (contad) 

Potagannissing Bay 

I Detour Perry Dock 
Walleye I 69 473 

I 

Chinook 
salmon 

I I Lake trout I - I I 
I 

l ~ e t o u r  Reef I Lake trout 1 
Drumnond - Scamon 

Salt Point 

Birch Point 

Black Creek 

Whitefish Bay 

Seymour Creek 

Lake trout 113 399 
Lake trout 

Lake trout f f 
Lake trout ! yr ! 130300 

'Sault and District Annlers Association 
'~port Fish, ~ e v e l o ~ m e n t  Program 
Syr = yearlings, £1 = fin erling, sf = spring fingerling (released before July l ) ,  ff = fall fingerling 
(released after Ju y I ) ,  %ry = newly hatched. 



i Table 5.15 Small game hunting statistics (5-ytar average for 1985-1989) for Chippewa County, Michigan 
(MDNR, Wildlife Division Surveys Section. Data Files). 

Species Hunters Days Hunted Harvest 

Ruffed grouse 3,600 18,000 

Snowshoe hare I I 10,400 I 
Cottontail rabbit 300 3,400 

Squirrels 600 3,700 5200 

5.5.10 Recreational BoatingIMarinas 

The S t  Mary River is used for power boating, sailing, yachting, houseboating, etc., by local and transient 
boaters. As well, boat rentals and fishing charters are available. 

Currently, there are nine marinas between Bruce Mines and Sault Ste. Marie, providing many of the supplies 
and services such as gas, boat launching, parking, mooring, repairs, food, restrooms and sewage pump out 
fadlities that are required by pleasure aaft  (Table 5.16). Expanded marina facilities under construction at 
Richards Landing and Hilton Beach on S t  Joseph Island, will provide support facilities for large and small 
pleasure craft which use the waterway. Sault Ste. Marie, Ontario is dewloping its waterfront by constructing 
a marina at the Norgoma marine park area and recommendations have been made to the city for improving 
facilities and navigational aids along the S t  Marys Rivtr (Table 5.17). 

5.5.1 1 Other Recreational Uses - 
There are a number of other summer and winter recreational uses which are provided by the S t  Mary River 
however, very little is known about their extent and economics. Such uses include water skiing, windsurhg, 
skating, cross-county skiing, snowmobiling, hiking, picnicking and nature appreciation. In Michigan there are 
t w ~  public beaches, the Sherman Park Beach is located at the head of the St. Marys River and is upstream 
of all discharges. The Sugar Island Township Park beach is located on the northwest shore of Sugar Island 
near where the river splits into the Lake George Channel and Lake Nicolet 

In Ontario there are no areas designated as 'public beaches' there are several general areas along the river 
where water recreation commonly occurs O;igure 5.18.). Recreational activities also occur along the 
Michigan shore where there are no beaches. 

Table 5.16 Marina operations and facilities along Ontario waters of the St. Marys River (Knshka 1989). 

Operation I Location 

Bruce Mines Marina 
Desbarats Marina 
Hilton Beach Marina 
Holder Marine 
Holiday Inn Docks 
Kensington Point 
Norgoma Marina 
Pine Street Marina 
Richard Landing Marina 

Bruce Mines 
Desbarats 
Hilton Beach 
Desbarats 
Sault Ste. Marie 
Bruce MinesIDesbarats 
Sault Ste. Marie 
Sault Ste. Marie 
Richards Landing 

Launch Boat I Facilities Docking 
Services Support 

Facilities 



Table 5.17 Recommended aids to navigation and f d t y  improvements within S t  Maqs River waterway 
f m  Sault Ste. Marie to Bruce Mills as of 1985 (Krishka 1989). 

Sault Ste. Marie 

11 Hilton Beach 

- - - - - - 

add doamtow11 marina facilities, with transient slips 
establish a full range of marina services (repair, parts, 

lift-out, etc.) 
provide a boater's guide to Sault Ste. Marie boaters and 
tourist services 
add eltctriaty and showers at Holiday Inn, Algo Club 
and Pine Stmt  marinas 
provide shuttle service from marinas to the Queen 
Street shopping area 
add gas and diesel pumps at the Algo Club or Holiday 
Inn dock (or at a new downtown marina) 
expanded chart of Sault Ste. Marie, in particular 

showing the approach to the Pine Street marina, or 
alternatively. preparation of a brochure with an 
expanded chart-sketch 

0 a lighted "fairway marker at the end of the Channel on 
Lake George 
expanded and updated chart of the S t  Joseph Channel 
cowring the area from East Neebish Island to Hilton Beach 
area 
chart small craft routes and identify them on the charts 

seasonal slips and showers 

add 30-40 more slips 

Showers 
convenience stores 



Sf. Mays River Remedial Action Plan 

Location of the most commonly used water recreational areas in the St. Marys River 

Mlchlgan 

Lake 
Superior 

\ 

$ 

@ marina 
A boat launching facilities of docks dudc hunting I 

cottages A campgrounds 
areas of interest to sport fishing 
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have been accomplished upstream of Liston's sampling points by diatoms in the plankton of Whitefsh Bay, 
or by benthic and littoral communities in reaches of the river. 

6.1 -1.1 1 Chlorophyll a 

Chlorophyll a. the main photosynthetic pigment in plants and algae, is an indicator of biomass at the time of 
sampling. Concentrations are influenced by the combined physical, chemical, and biological factors in an 
aquatic environment and therefore, are an integrative index reflecting algal and plant standing stocks. An 
average concentration of 088 rg1L for the St. Marys River (Table 6.1) is very low, falling within the range of 
0 3  MIL to 3.0 cg/L which is typical of oligotrophic watts (%kkel, 1983). 

6.1.1.1 2 Aesthetics 

Floating scum is periodically reported along the north shore of Sugar Island in Michigan. In Ontario, mats 
of oily fibrous material mixed with aAood chipslfibre o d o n a l l y  occur between Sault Ste. Marie and the 
Lake George Channel. The degree of this problem is not known. As well, oil slicks appear from time to 
time downstream from the Algoma Slip and Terminal Basin. Since March 1990, no complaints of floating oil 
have been received. This may be a result of improvements made at Algoma Steel and that Algoma was on 
strike from July 31, 1990 to April, 1991 (G. LaHaye, OMOE, pers. cornm.). 

6.1.2 Water Qualrty - Contaminants 

6.1.2.1 Background 

Water quality surveys of the St. Marys River in 1947 and 1948 found unacceptable concentrations of phenols 
(UC 1951). Other surveys (Veal 1968, Hamdy el d., 1978 and OMOE Data Files) indicated elevated 
concentrations of phenols, iron, cyanide. ammonia, zinc and sulphide in surface waters downstream of 
Ontario industrial and municipal sources. 

As part of the UGLCCS (1988). OMOE sampled a series of transects across the St. Marys River between 
Leigh Bay and the Lake George Channel and Lake Nicolet. Transect locations are shown in Figure 6.1 and 
are numbered by their distance in statute miles upstream (prefix SMU) and downstream (prefut SMD) of the 
St. Mary Rapids. Sampling oras undertaken in 1986 and 1987 at several locations along each transect 
between the Michigan and Ontario shores. Samples were anal@ for phenols, cyanide, ammonia, 
phosphorus, iron, zinc and polrcydic aromatic hydrocarbons (PAHs). Results from this study are presented 
in the following sections dealing with transboundary transport and downstream water quality conditions. 

U.S. and Canadian waters of the St. Marys River do not mix to a significant extent in the upper river or 
main channel. Transboundary pollution of phenols, ammonia, cyanide, iron and zinc does not occur 
upstream of transect SMD 2.6 however, some cross-channel mixing is evident at SMD 2.6. Although 
concentrations of iron, zinc, cyanide and ammonia did not exceed P W W ,  Michigan WQS or GLWQA 
objectives in Michigan waters at this location, the mean phenol concentration slightly exceeded the GLWQA 
objective of 0.001 mg1L in Michigan waters (Figure 62). The physical configuration of the channel at the 
head of the Lake George Channel and the division of flow around Sugar Island creates a zone of high water 
velocity towards the Sugar Island shoreline (Hamdy ef d., 1978). In the Lake George Channel, secondary 
currents and decreased velocities enhance cross-channel mixing. As a result, contaminant inputs from 
upstream discharges that were confined to the Ontario shoreline of the river can contribute to trans- 
boundary contamination along the Sugar Island shoreline. 

As discussed below, water quality monitoring results indicate that concentrations of phenols, ammonia and 
cyanide haw declined steadily along the Ontario shoreline between 1969 and 1980 (Kauss 1986). By 1986, 
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concentrations of these parameters were approaching OMOE objectives for the protection of aquatic life. The 
improvements are attributable to reductions in: the loadings of phenols, ammonia-nitrogen and free cyanide from 
Algoma Steel; suspended solids from St. Marys Paper; and phosphorus and settleable organic matter from local 
WPCPs. Also, the redevelopment of the Great Lakes Power Corp. hydroelectric facility in 1982 (now the 
Clerque Generating Station) resulted in a .  increase in flow along the Ontario shoreline from 21 96 of the river's 
total flow to over 40%. thereby diluting contaminant concentrations. 

6.1.2.2 Total Phenols 

Total phenol concentrations have shown an historical downward trend downstream of Algoma Steel discharges 
(Figure 6.3). For example, mean concentrations 300 m downstream from the Algoma Terminal Basins outfall 
(at SMD 0.2) declined from 0.050 mglL in 1973 to 0.015 m g L  in 1980, to 0.0012 mg/L in 1986. Similar 
trends and exceedences were observed at transects SMD 1.2 and SMD 2.0, 1,500 and 3,000 m respectively 
downstream of the discharge (Figure 6.3). At transect SMD 2.0, mean annual total phenol levels ranged from 
0.019 to 0.003 mg/L between 1970 and 1980. In 1986, total phenol concentrations exceeded the Ontario 
PWQO and the GLWQA specific objective of 0.001 mgL, 300 metres downstream from the Algoma Tenninal 
Basins outfall (0.0012 mg/L). All stations as far downstream as 4 km (station SMD 2.6) had levels of total 
phenols exceeding the PWQO and the GLWQA guideline (Figure 6.2). Mean phenol concentrations in waters 
close to the Ontario shore were 0.0016 mglL. U.S. waters at station SMD 2.6 also contained levels of total 
phenols with a mean concentration of 0.0012 m g 5  indicating transboundary contamination (Figure 6.2). Total 
phenol concentrations still exceeded the PWQO and GLWQA objective in the Algoma Steel Slip (0.0036 mg/L) 
and at the mouth of the Slip (0.0034 mg/L). 

In 1986 and 1987, average total phenol concentrations in water samples collected along the Michigan shoreline 
were below the 0.001 mg/L objective. 

The Michigan WQS (January 1991), Rule 57(2) guideline for total phenols is 0.110 mgiL. This guideline was 
not exceeded in any water sample downstream of the Terminal Basins outfall. The highest value, 0.072 mgiL 
occurred 300 m downstream of this outfall in 1976. Ambient water samples, collected as early as 1948. did not 
exceed the Michigan WQS for total phenols (UGLCCS 1988). 

6.1.2.3 Ammonia 

Total ammonia concentrations have shown significant declines along the Ontario shore (Figure 6.4). Total 
ammonia concentrations 300 m downstream of the Terminal Basins outfall have decreased from approximately 
0.6 rn~ /L  in 1974 to <0.05 mg/L in 1986 (Figure 6.4) (UGLCCS 1988). In 1986, total ammonia 
concentrations increased slightly downstream of the East End WPCP at transect SMD 5.OE. This increase was 
considzred to be localized. Concentrations at the Lake George Channel outlet were similar to those observed at 
the inlet (0.046 rngiL) (UGLCCS 1988). 

The GLWQA objective for total ammonia is 0.5 mg/L. This objective was exceeded in 1974 water samples 300 
rn downstream of the Terminal Basins outfall. Subsequent samples, taken during and after 1980, did not exceed - 

this objective. Both the PWQO and Michigan WQS Rule 57(2) guidelines are for unionized ammonia. The 
PWQO for unionized ammonia is 0.02 mg/L with the amount of unionized ammonia is dependent upon water 
temperature and pH. The Michigan WQS for unionized ammonia is 0.02 mglL 
in  coldwater and 0.05 mglL in warmwater. In 1986, calculated unionized ammonia concentrations did not 
exceed the PWQO or the Michigan WQS for unionized ammonia. 

1989 water quality monitoring was conducted downstream of the East End WPCP following its upgrade. Four 
samples collected during August, 1989, ranged from 1.47 to 2.85 mglL total ammonia (P. Kauss, OMOE, pers. 
comm.) all of which exceeded the GLWQA objective of 0.5 mglL for total ammonia. Unionized ammonia 
concentrations calculated for these samples, using temperature and pH measuments, 
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yielded values ranging from 0.020 to 0.046 mg/L (P. Kauss, OMOE, pers. comrn). Unionized ammonia 
concentrations in all four samples exceeded the PWQO and MWQS (coldwater) of 0.02 mg/L. 

6.1.2.4 Cyanide 

Free cyanide peaks o c a u ~ e d  300 m downstream from the Algoma Steel Tenninal Basins dixharge in 1974 
and 1980 ~ 4 t h  mean concentrations of 0 3  and 0.06 mg/L respectively. More uniform levels occurred 
downstream. In 1974 mean free cyanide concentrations ranged from 0.054 to 0.07 mg/L downstream along 
the Ontario shore up to 6 kn downstream of the Algoma discharge 65). Mean 1980 free cyanide 
values ranged from 0.01 to 0.02 mg/L between 1000 and 3000 metres downstream of the Algoma discharge 
(Figure 65). All 1974 and 1980 mean free cyanide conctntrations exceeded the PWQO of 0.005 mg/L, 
Michigan's Rule 57(2) Guideline (January 1991) of 0.004 mg/L and the US. EPA chronic Ambient Water 
Quality Criteria (AWOC) of 0.0052 rng/L. 

Free cyanide concentrations were considerably lower in 1986, both upstream and downstream from Algoma's 
Terminal Basins discharge with a uniform, mean concentration of approximately 0.0025 mglL (Figure 65). 
1986 free cyanide levels did not exceed the PWQO, Michigan's Rule 57(2) Guideline (January 1991) or the 
U.S. EPA chronic Ambient Water Quality Criteria (AWQC). 

6.1 -2.5 lron 

Iron concentrations ranged between 0.018 mg1L and 0.690 mg1L in 1986-1987. No distinct longitudinal 
(upstream-downstream) variations were noted (UGLCCS 1988). Immediately downstream of the Terminal 
Basins outfall, (SMD 0.2). the mean concentration was 0.060 mglL, with a maximum of 0.69 mg/L. In the 

i Algoma Slip, iron exweded the PWQO and GLWQA specific objxtive of 0 3  mg/L (average of 0.445 mg/L, 
with a maximum of 1.0 mg/L). All samples met the U.S. EPA AWQC of 1 mglL for chronic toxicity. 
There is no Michigan WQS for iron. 

lron levels along the Michigan shoreline in 1986 and 1987 ranged between 0.008 mglL and 0.087 mglL. 

6.1.2.6 Zinc 

Zinc concentrations along the Ontario and Michigan shoreline in 1986 and 1987 showed no distinctive 
longitudinal variations. Concentrations ranged between 0.001 mg/L and 0.009 mg /L, a decrease from 1980 
when concentrations of 0.01 mg/L were prevalent. AU 1986 and 1987 concentrations were below relevant 
water quality standards or guidelines (UGLCCS 1988). 

6.1 -2.7 Phosphorus 

Phosphow levels ranged between 0.002 mglL and 0.051 mg1L along the Ontario shoreline and 0.005 mglL 
and 0.014 mg/L along the Michigan shore in 1986 and 1987 (UGLCCS 1988). The highest level 
(0.051 rng/L) occu~red immediately downstream of the East End WPCP at SMD 5.OE. No elevated 
concentrations (relative to upstream levels) were noted downstream of the Sault Ste. Marie, Michigan 
WWTP. In 1986 and 1987, phosphorus levels exceeded the Ontario PWQO of 0.030 mg/L downstream of 
the East End WPCP. This objective was still occasionally exceeded immediately downstream of the oudall 
during 1989 surveys conducted by OMOE following upgrading of the plant (OMOE, unpublished data). In 
addition, excessive amounts of algae observtd in embayrnents and other slowmoving areas of the river 
suggest that phosphorus levels in these areas exceed the P W W .  During the summer of 1990, OMOE 
received a number of complaints regarding floating algae on the river below the East End WPCP. 
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6.1 -2.8 Polycyclic Aromatic Hydrocarbons (PAHs) 

Polycydic aromatic hydrocarbons (PAHs) ha= been frequently reported from the S t  Marys River in recent 
years. The only current criterion is the U.S. EPA proposed a criterion of 31 ng/L for total PAHs. This 
r d e m  "maximum protection of human health from the potential carcinogenic effects of PAHs due to 
ingestion of contaminated aquatic organisms which may result in an incremental increase of cancer risk of 1 
in 1,000,000 over a 70 year lifetime" (UGLCCS 1988). 

In 1985, large volume sampling was undertaken to determine PAHs assodated with the aqueous phase of 
St. Marys River waters 6.6 and Appendix 6.1 (Table 6APP.l)). PAHs in the particulate and whole 
water phases were not determined in the 1985 sumy. Concentrations of total PAHs in samples taken from 
Leigh Bay (Station 3) and off the Algoma Slag Site (Station 4) were similar to the upstream background 
level of 3.99 ng/L (Station 2). Concentrations increased downstream, reaching a peak of 318 ng1L in the 
Algoma Slip (Station 7). Buuo(a)anthracene, which was absent in the upstream samples, was found at levels 
of 0.23 ng/L at Station 7 and 038 ng1L at Station 5. Elevated total PAHs, relative to the upstream site, 
persisted downstream (Station 10) at least 1 bn from the Terminal Basins discharge. The PAH levels along 
the Michigan shore (32 ng/L-3.6 ng/L) were similar to the background concentration (4.0 ng1L) indicating 
no transboundary pollution (UGLCCS 1988). 

In 1986, the concentration of PAHs associated with suspended particulate matter, the aqueous phase and 
whole water, were determined using a centrifuge sampling technique (UGLCCS 1988). It should be noted 
that "aqueous phase" is operationally defined by the sampling technique used, and may indude organic 
material or colloids (i.e. hurnic adds) not removed by the centrifuge. Twelve stations between Leigh Bay 
and the Sault Ste. Marie East End WPCP were sampled. Sample locations and a summary of total PAHs is 
shown in Figure 6.7. Total PAHs and benzo(a)pyrene concentrations are summarized in Table 63. (Refer 

._ .- ) to Appendix 6.1: Tabla 6APP.2, 6APP.3 and 6APP.4 for individual PAHs). Raults from this survey are as 
follows: 

Upstream stations 1 and 2, showed only trace amounts of total PAHs on 
suspended particulates, suggesting that PAHs occurred only in the aqueous 
phase at these stations in 1985 (Figure 6.7 and Table 63). 

At Station 4, in the vicinity of the Algoma Slag Site, total PAHs associated with 
suspended particulates were 12,046 nglg at 1 5  m below surface and 1.412 nglg 
at 0.5 m off bottom (Figure 6.7 and Table 6.3). These concentrations 
corresponded to aqueous phase levels of 2657 nglL and 9.49 ngIL, respectively 
(Table 6.3). resuldng in estimated combined (whole water) concentrations of 
39.81 ng/L and 11.04 ng/L, respectively (Table 63). The former is above the 
U. S. EPA criterion of 31 ng1L total PAHs for the protection of aquatic 
organisms. 

Benzo(a)pyrene was detected at stations 4, 6, 8, 9, 11 and 12 all of which are 
downstream of the Algoma Slag Site (figure 6.7 and Table 63). Levels of 
benzo(a)pyrene in whole water at these stations ranged from 0.29 ng1L to 
140.% ng1L. 

The total PAH concentration assodated with the suspended particulate phase in 
a near-bottom sample at Station 6 in the Algoma Slip (in the vianity of the 
76 an (30 inch) and 152 an (60 inch) blast furnace sewer outfalls, and 
downstream of East Davignon and Bennett Creeks) was 55,686 nglg (F~gure 6.7 
and Table 63). This corresponded to a whole water total PAH concentration of 
almost 3.900 ngIL, which greatly elrceeds the above US. €PA guideline of 
31 ng1L. Ar well, concentrations of the 16 individual PAH compounds in whole 
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water at this station ranged between 0.02 ng/L and 1,414 ng/L (Appendix 6.1: 
Table 6APP.4). 

At Station 9, immediately downstream of the Algoma Steel Terminal Basins 
discharge, total PAHs on suspended particulates at 1 5  m (6,561 ng/g) and 0 5  m 
off-bottom (7,822 nglg) were similar, owing to vertical mking 6.7 and 
Table 63). The estimated total PAH conantrations associated with the 
aqueous phase were 508 ng/L and 399 ng/L in surface and off-bottom samples, 
respectively uable 63). Equivalent whole water total PAH concentrations were 
556 ng/L and 457 ng/L, respectively, both of which exceeded the US. EPA 
criterion of 31 ng/L. The estimated concentration of benzo(a)pyrene associated 
with the h o l e  water phase averaged 5 ng/L. 

At Station 11, located in a sheltered unbayment, total PAHs associated with 
centrifuged particulate matter were much greater at the bottom than at the 
surface 6.7 and Table 63), reflecting the effects of a depositional zone. 
The estimated concentration of total PAHs in the aqueous and whole water 
phases of the nearbottom sample were 318 ng/L and 335 ng/L respectively. 
The latter exceeded the U.S. EPA criterion. 

In general, high PAH levels associated with the suspended particulate fraction 
persisted as far as Sault Ste. Marie's East End WPCP (I3gu.e 6.7). For 
example, in the surface waters of Station 15, which is immediately downstream 
from the WPCP's discharge, total PAHs associated with the particulate fraction 
were 2,186 ng/g in surface waters Fable 63). PAHs at 0 5  m off bottom were 
not detected, indicating the buoyant nature of the WPCP effluent The 
estimated total PAH concentration associated with the whole water phase at this 
location was 94 ng/L, again exceeding the U.S. EPA limit. 

Along the Michigan shoreline, downstream of the Sault Edison Electric 
Company Canal and the WWTP, the total PAH concentration associated with 
centrifuged particles was 198 ng/g (Figure 6.7 and Table 6.3). The estimated 
concentrations of total PAH in the aqueous and whole water phases were 
1.11 ng/L and 1.48 ng/L respectively, considerably lower than levels identified 
along the Ontario shoreline, and well below the U.S. EPA criterion of 31 ng/L. 
Benzo(a)pyrene was not detected. 

Total PAHs exceeded the U.S. EPA AWQC in the Algoma Slip (3.891.94 ng/L) and 
downstream from the Slag Site. along the Ontario shore to 1 krn downstream of the East 
End WPCP. Values ranged from 39.81 to 875.20 ng/L. 

Several PAH compounds are of environmental concern because they are mutagenic or their metabolites are 
carcinogenic. The mutagenicity and carcinogenicity of 29 PAH compounds is shown in Table 6.4. 
Diethytbem(a)anthracene, benu>(a)pyrene and dibenzo(aJl)anthracent are the most carcinogenic 
compounds. 

The 1986 water sampling survey showed that 95% of the PAH compounds detected in the aqueous phase are 
not carcinogenic or are only weakly carcinogenic. Estimates of PAHs associated with both whole water and 
the aqueous phase that are considered to be non-carcinogenic constitute greater than 80% of total PAHs at 
all sites sampled along the S t  Marys River in 1986. Benzo(a)pyrene, a carcinogenic PAH compound. was 
detected in the aqueous phase of the water column downstream from the Algoma slag site, along the Ontario 
shore to where the river forks around Sugar Island. 

1 ., 
, . . 



Table 6.4 Mutageniaty and carcinogenicity of twentynine po1)qcI.i~ aromatic 
hydrocarbons (PAHs) (Kauss and Hamdy 1991). 

Vaphthalene 

Acenaphthylene 

Actnaphthcne 

Ruorene 

Phenanthrcne 

Anthrame 

Fluoranthene 

m e  

Chrysene 
Benro(a)anthraccne 

Benro@)fluoranthene 

BenzoQfluoranthene 

Buuo(Jfluoranthene 

Bem(e)  pyrene 

Peryiene 

Dimethyfbcnz(a)an thracene 

Bm(a)pyrene 

Meno(1 a-c,d) pyrene 

Dibuuo(a,h)anthraccne 

Bendg&)perylene 
Anthanthrene 

Bm@)chrysent 

Coronene 

Quinoline 

Carbazole 

Acridine 

Benz(a)acridine 

Buuothiophene 

Notes: 1)Infomation on mutagenic and carcinogenic properties is from Verschueren 
(1983): Oehrne (1985); and from US. National Academy of Sciences, 
reported in National Research Council (1983). 

2)Carcinogenicity ranking is: - not carcinogenic; 
+ uncertain or wtakly carcinogenic; - 
+ carcinogenic; and 
+ + , + + + , + + + + strongly carcinogenic 

ND No data available from the above references 



6.1.3 Bacteria 

6.1.3.1 Background 

Bacteriological water quality indicators are groups of bacteria whose densities can be related quantitatively to the 
presence of sewage or fecal matter, and therefore to the risk of contracting a disease from the pathogens 
contained therein. Ontario considers that recreational waters are impaired for swimming and bathing when total 
coliform P C ) ,  fecal colifonn (FC), andlor fecal streptococcus (FS) geometric mean densities exceed 1,000, 100 
andlor 20 organisms per 100 rnL respectively, in a series of at least 10 samples per month, including weekend 
collections (OMOE 1984). Where the ratios of fecal coliforms to fecal streptococci (calculated from geometric 
means) exceeds 4.0, the source of bacterial contamination is likely to be human in origin. A ratio of less than 
0.7 indicates non-human sources. The Michigan Water Quality Standard is 200 fecal colifonn organisms per 
100 mL, calculated as the geometric average of any series of 5 or more consecutive samples taken within a 30 
day period. 

Pseudomontrs aeruginosa is a pathogen to man and animals, and can cause a variety of infections, including skin 
rashes and swimmers' ear (otitis externa). According to physicians, the chances of swimmers acquiring otitis 
externa is five times greater than for the general population. Pseudomonm aeruginosa appears to be quite 
resistant to chlorination. Perhaps of greater concern is that this organism is quite resistant to anti-bacterial 
agents in general (Dutka 1973), which is a major problem in the therapeutic treatment of infections. 
The Great Lakes Water Quality Agreement (IJC 1988a) does not specify a numerical objective for 
microbiological organisms, but does provide a narrative criterion stating that waters should be substantially free 
from infectious bacteria, fungi, and viruses. 

High bacterial densities were first detected in the St. Marys River in 1909 (UC 1914). In 1947 and 1948, the 
i 
I IJC again found high levels of bacteria (IJC 1951). In 1973 and 1974 and again in 1986 and 1987, 

bacteriological samples were taken at selected transects (ranges) within the St. Marys River to determine 
ambient conditions and relate them to Ontario and GLWQA objectives. Where applicable, each sampling 
transect extended from the United States to the Canadian shore (Figure 6.8). Along each transect, three to six 
samples were collected daily on May 29 to June 5,  July 25 to 29 and October 12 to 18, 1973 and on April 26 to 
29, June 16 to 20 and August 18 to 24, 1974. Similar sampling was camed out between June 17 to 19, 1986 
and May 12 to 14 and September 14 to 16, 1987. Values from all surveys are presented as geometric means. 
Statlons that showed similar geometric means were grouped together, labelled and contoured provided they were 
not separated by a geographic barrier and that the variances were similar and the data normally distributed 
(Luck and Young 1978). 

6.1.3.2 1973 Surveys 

In hlay to June of 1973, the entire upper reach of the St. Marys River above the locks had very low mean TC 
densities of 51100 mL (Group A, Figure 6.9). Downstream from the locks on the Ontario side, the density 
increased to 66/100 mL (Group B), whereas on the Michigan side, the TC level was 26/100 mL (Group D). 
FC densities were homogenous throughout the river at 31100 mL. Densities of FS were higher than FC 
numbers below the locks on the Ontario side, suggesting a non-human source of contamination. Overall, 
however, levels were well below the Ontario PWQO for swimming and bathing. 

In July, densities of TC and FC were 1331100 mL and 161100 mL respectively, (Group A, Figure 6.10) at all 
upstream stations and most of those downstream along the Michigan side of the river. In contrast, higher 
densities of TC bacteria (16701100 mL) characterized most of the downstream stations on the Ontario side and 
inflowing waters to Lake Nicolet (Group B). The somewhat higher FC than FS densities associated with 







Figure 6.10 

3. Marys River Remedial Action Plan 

Bacteriological conditions in the St. Marys River, July 25 to July 29, 1973 
( I m  L w l l  md Ywng 1978) 

Mlchlgan Lahe 

Gaag. 

PWQO 
(munplrpr-) 
TC: 1000/100 mL 
FC: 100/100mL 
FS: 201100mL 

Mlchlgrn WQS Rule 57(2) 

'F m n n g .  01 
-prmonw 

FC: 20W100mL 

point source discharge location 



I 
Groups A and B suggested that contamination was mainly of human origin. The area at the end of the Lake 
George Channel had TC and FC densities of 2,%0/100 mL and 221100 mL respectively. The higher TC 
l e d  relative to most upstream densities might have resulted from a combination of nutrient enrichment and 
discharges from the WPCP located on the Ontario shore (Luck and Young 1978). This high TC density. as 
wtll as that below the locks on the Ontario side (Group C), exceeded the Ontario P W W  
(1000 TCll00 mL). 

In October, m a t  upstream stations as well as those closest to the Michigan shore below the locks had a TC 
density of 1021100 mL and 10 FC/100 mL (Group 4 Figure 6.11), while the downstream Ontario water had 
a density of 312 TC1100 mL (Groups B and D). Nevtrtheltss, bacterial levlels were alwdys less than Ontario 
P W W  for recreational use. TC densities did not u~cced the Michigan WQS (200 FC1100 mL). 

6.1.3.3 1974 Survey 

The April survcy, conducted downstream of the locks (F~gure 6.12) showed that Michigan waters had 
bacterial densitits of 10 TCllOO mL, 2 FCllOO mL and 2 FSllOO rnL (Group A). On the Ontario side, 
downstream from the locks to where the river splits around Sugar island (Group B), densities were slightly 
higher (72 TCI100 mL, 17 FC/100 mL and 2 FS1100 mL). Further downstream to Bell Point, FC densities 
were higher than FS densities, indicating contamination of human origin from the Ontario side and the East 
End WPCP. However, densities for all three parameters did not exceed Ontario objectives for recreational 
use. 

In June, 1974 (Figure 6.13) bacterial levels in Ontario waters were much higher than those of Michigan. 
Stations along the Michigan shore (Group A) had TC, FC and FS densities of 151100 mL, 31100 mL and 
31100 mL, respectively, while Ontario waters downstream to Hog Island had mean concentrations of 
153 TCl100 mL. 3 FC1100 mL and 14 FS/100 mL (Group B). At one of the sampling stations in Group B. 
station 10, 3.2 krn downstream of the locks, very high densities of 2,960 TC1100 mL, 364 FC1100 mL and 386 
FS1100 mL occurred. Both Ontario's P W W  for TC and FC and Michigan's FC obpctive were exceeded at 
station 10. Elevated Pseudornonus aenc&sa densities of 93 organisms1100 mL were also found here 
confirming water quality deterioration around this area and the presence of recent fecal inputs (Luck and 
Young 1978). Lower bacterial densities were found in downstream waters (Group C). 

During the August survey (Figure 6.14), waters along the Sault Ste. Marie, Ontario shoreline (Group D) had 
TC. FC and FS densities of 2721100 rnL, 271100 mL, and 241100 mL, respectively. Michigan waters 
downstream of the Sault Edison Electric Company Canal (Group G) had FS densities of 21 1100 mL. Both 
areas (Groups D and G) had FS densities that exceeded the P W W  of 201100 mL. Elevated levels of 
Pseudomonar aeru&osa (231100 rnL) also occurred in both areas. The downriver area around Palmers 
Point and Squirrel Island (Group B) had a higher TC level of 3521100 mL. Michigan waters and part of the 
channel leading to Little Lake George (Group A) had densities of TC, FC, and FS of 1001100 mL, 
271 100 mL and 4 1100 mL, respectively. Most waters surveyed had Pseudomonas aerughsa densities of 
31100 rnL. 

Based on these 1973 and 1974 survey results, Ontario and Michigan criteria were sometimes exceeded in 
both years along the Ontario shore between the locks and the government dock. Furthermore, the presence 
and 1974 PWQO exceedence of Pseudomonas aeru&ma indicated that a health hazard could exist for 
people using the water. In general, OMOE concluded that bacterial levels throughout the river were usually 
below provincial objectives for recreational water use and densities were kept from increasing due to the 
continuous flushing of the river with clean water from Lake Superior. 
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Figure 6.12 
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Bacteriological conditions in the St. Marys River, April 26 to 29, 1974 
(horn Luck Md Ywng 1978) 

Ontario 

Mlchlgen 

PWQO 
($0 pr m*l) 

TC: 10001100 mL 
FC: 1001100mL 
FS: 201100rnL 

Michigan WQS Rule 57(2) 
( w M c  rmrg. d 3 "m" p.r mmm 
FC: 2001100 mL 

point source discharge location 





St. Marys River Remedial Action Plan 

Bacteriological conditions the St. Marys River, August 18 to 24, 1974 
(horn Luck and Ywng 1978) 

PWQO 
(10 ra-r p r  month) 

TC: 1OOW100 mL 
FC: 10Wl00mL 
FS: 201100 mL 

Michlgmn WQS Rule 57(2) 
(qoamr(c wmg. of 
DS u m p h  pr mmth) 

FC: 2001100mL 

point source discharge location 

C 

Mlchlgan 



6.1.3.4 I986 and 1987 Surveys 

The June, 1986 survey showed that geometric mean densities of FC exceeded both the PWQO of 100 organisms/100 mL and the 
Michigan WQS of 200 organisms/100 mL downstream of storm sewers and major industrial outfalls along the Ontario shoreline. 
For example. at ranges SMD 0.8 and SMD 1.0 (see Figure 6.1 for locations), mean FC densities over 3 days were 4771100 mL 
and 4281100 d, respectively. A further 1.5 km downstream, densities were below the PWQO (UGLCCS 1988). 

Bacterial densities were also elevated below the outfall of the Sault Ste. Marie, Ontario East End WPCP. Mean densities over 
the 3-day June survey at ranges SMD 5.OE and SMD 7.9E were: FC, 1841100 d and 1821100 mL; FS, 241100 mL and 191 100 
mL; and Pseudomonas aeruginosa, 51100 d and 71100 mL, respectively. The FS density at range SMD 5.OE (241100 rnL) 
exceeded the PWQO of 20 FSI100 mL. In Michigan waters, densities of fecal coliform, and fecal Streptococcus were well 
below the respective Ontario objectives at all locations, except for those immediately downstream from the Sault Edison Electric 
Company Canal. Because only 3 samples were collected from this site during the June, 1986 survey, comparison with Michigan 
water quality standards is not possible. However, the 3-day geometric means of E. coli, fecal coliform, fecal Streptococcus and 
Pseudomonas aeruginosa were 2,250 organisms, 233 organisms, and 20 organisms, respectively, per 100 mL. Combined sewer 
overflows which discharge to the Edison Power Canal are suspected as the source of t h s  bacterial contamination (UGLCCS 
1988). 

Additional bacteriological sampling carried out in 1987 during May and September showed similar trends to those described for 
1986. Further sampling was undertaken in the Lake George Channel in 1989 by OMOE to determine the impact of the East End 
WPCP following upgrading of the sewage treatment process (improved phosphorus and solids removal). Results of this 
investigation have not yet been published, but indicate exceedences of the PWQO for FC downstream of the plant's outfall as far 
as Bells Point, as well as the presence of Pseudomonas aeruginosa and E. coli (OMOE unpublished data). 

More recently, the Federal-Provincial Working Group on Recreational Water Quality has stated that the source of bacterial 
contamination cannot be defined using the FCIFS ratio. FS densities could be greater than those for FC due to the fact that 
streptococci are more resistant to extremes of temperature and to chlorine, and have a greater longevity than coliforms. Ku tne~ .  
r~ch waters and non-point sources can cause proliferation of FC levels and bear no relation to the human origin of coliforms 
(Guidelines for Recreational Water Quality, DSS, 1983, also 1991-draft). 

The RAP Team will seek the advice of this working group before proceeding with the analysis of any data collected after the 
1987 survey. The analysis of the surveys reported in the RAP document may need to be revisited. 

6.1.3.5 Beach Closures 

In Michigan, total body contact advisories were periodically issued in 1989 by the Chippewa County Health Department in 
response to elevated fecal coliform levels caused by combined storm sewer overflows (MDNR 1990) however, there have been 
no official beach closings in Michigan because the Sherman Park Beach is located upstream of the combined sewer overflows. 

N o  total body contact advisories have been lssued by the Algoma Health Unit in Ontario. 

6.1.4 Water Quality Summary 

Concentrations of a number of basic physical and chemical parameters indicate that, overall, the St. Marys River is an 
oligotrophic system. However, in localized areas, some water quality standards or objectives are exceeded. Table 6.5 shows 
that dissolved oxygen, turbidity, total phenols, total and unionized ammonia, free cyanide, iron, total phosphorus, total PAHs. 
and bacteria have exceeded applicable PWQO, MWQS, GLWQA objectives and the U.S. EPA criteria for total PAHS. Free 
cyanide has not been exceeded since 1974 (Table 6.5) and 1986 surveys indicate that cyanide concentrations are below criteria. 

The majority of the exceedences occur downstream of the locks which is downstream of the outfalls from Algoma Steel and St. 
h4arys Paper. Storm sewers discharge to river downstream of the locks on the Ontario side and into the Sault Edison Power 
Canal on the Michigan side. Exceedences of dissolved oxygen, total phenols, iron and total PAHs occurred in the Algoma Slip. 



Table 6.5 Summary of parameters exceeding water quality criteria in the St. Marys River Area of Concern, 

Parameter I Guideline or Objective 

Dissolved Oxygen 4 (47%) - 8 (54%) 

<lo% change i n  Secchi d isc Turb id i ty  
reedings 

Total Phenols 0.001 
0.001 

Total Amnonia 

Unionized Amnonia 

Free Cyanide PHX) 
muas 
AWC 

0.02 ( T m p .  and pH 
dependent) 
0.02 (co ld water) 
0.05 (warm water) 

0.005 
0.004 
0.0052 

Total PAHs H 

I r o n  

Total Phosphorus 

Year and Location of Exceedence ( m g / ~ )  

PWO 8 
GLWA 
AWC 

PWO 

1985, October-Algm S l i p  (OX; min) 

A l l  i ce- f ree seasons-In shallow deposit ional areas such as lower Lake George, 
western Muwrscong Lake and swthwest shore o f  Neebish Is land 

1973 t o  1986-300 metres downstream o f  Algoma Steel 's Terminal Basins o u t f a l l  
(0.060 t o  0.0012; range o f  mans) 

1970 t o  1980-up t o  3000 metres downstremn o f  Terminal Basins w t f a l l  along 
the Ontario shore (0.019 t o  0.003; range o f  a w l  mans) 

1986/87-4 km downstream of Terminal Basins o u t f a l l  along the Ontario shore 
and l a t e r a l l y  t o  U.S. waters (0.0015 and 0.0012; means near Ontario 
shore and 750 m f ran  U.S. shore i n  U.S. waters respect ively) 

1986/1987-Algm S l i p  and mouth o f  Algoma S l i p  (0.0036 and 0.0034 
respectively; m x )  

1974-300 metres downstream of the Terminal Basins w t f a l l  along the Qltar io 
shore (0.6 mg/L; mean) 

1989-Exceedences up t o  300 metres downstream o f  the East End WCP (1.47-2.89; 
range o f  4 sanples) 

1989-Exceedences up t o  300 metres downstream o f  the East End WCP (0.020- 
0.046; range of 4 ssmples) 

1974, 1980-300 metres downstream of Terminal Basins w t f a l l  (0.3 and 0.06 
respectively; means) 

1974-One t o  s i x  km downstream of Terminal Basins w t f a l l  (0.54 t o  0.07; range 
o f  mans) 

1980-One t o  three km downstream o f  Terminal Basins w t f a l l  (0.01 t o  0.02; 
ranae of m a n s )  

-- - --- - -- - - 

1986/1987-Irmcdiately downstream o f  Terminal Basins w t f a l l  (0.69; man) 
1986/1987-Algm S l  i p  (O.445/1 .O; average/nmx) 

1986/1987-Downstream of East End WCP (0.051; mex) 
1989-Exceedences innediately downstream o f  the East End WCP (OmlE 

i q n h l i s h e d  data; values not provided) 
1990-Excessive cunomts of f l oa t ing  algae downstream of the East End WCP (no 

measured values) 

1985-Algoma S l i p  (31.8 ng/L; one sanple, aqueous phase) 
1 9 8 6 - A l g m  S l i p  (3,1891.94 ng/L; m e  sanple) 
1986-Downstream from Slag S i t e  along Ontario shore t o  one km dowstresm of 

the East End WCP (39.81 t o  875.20 ng/L; range) 





In the Algoma Steel Slip, bottom waters were devoid of dissolved oxygen during a biological monitoring 
study undertaken in October of 1985. Wlth this exception, dissolved oxygen levels are almost always greater 
than 90% throughout the AoC. During summertime in shallow embayments, diminished concentrations can 
occw as a result of natural processes. 

High turbidities in sections of the lower St. M a y  River Fable 65) are produced naturally from fine clays 
suspended in the water column by currents (runoff from local watersheds plus river flows), wave action, and 
to a lesser degree resuspension of bottom materials from shipping activities. 

Long-term water quality monitoring has shoam that concentrations of some contaminants assodated with 
industrial (Algorna Steel and St. Marys Paper) and municipal sewage treatment plant discharges, particularly, 
phenols, ammonia, free cyanide and some heavy metals, have steadily declined from the mid 1%0's in the 
St. Marys River downstream from Sault Ste. Marie, Ontario. The improvements are attributable to: 
reductions of phenols, ammonia-nitrogen and free cyanide at Algoma Steel and dilution due to the re- 
devtloprnent of the Great Lakes Power Corp. hydroelectric facility in 1982 (now the Clerque Generating 
Station) which resulted in substantially increased flows along the Ontario shoreline. However, downstream 
waters have only partially recovered from these improvements and it must be noted that dilution cannot be 
used to reduce downstream loadings. Discharges from the Sault Ste. Marie, Ontario East End WPCP are 
delaying the complete restoration of satisfactory water quality with respect to several contaminants including 
ammonia and total phosphorus. 

Some transboundary contamination of Michigan waters occurs 4 krn (station SMD 2.6) downstream of the 
Terminal Basins outfall owing to phenol levels which slightly exceed the P W W  and GLWQA obpctive of 
0.001 mglL. Mean concentrations range from 0.0012 to 0.0016 mg/L. 

Water quality in and near the Algoma Steel Slip continues to be impaired. Maximum total phenol 
concentrations in 1986 within the slip and at the mouth of the slip were 0.0036 and 0.0034 mg/L respectively. 
The average iron level in the Slip in 1986 was 0.445 mg1L with a maximum of 1.0 mg/L. A whole water 
sample from the Algoma Slip in 1986 contained 3,891.94 nglL total PAHs. AU of these parameters exceeded 
their respective guidelines and objectives (Table 6.5). 

Total phosphorus levels downstream of the East End WPCP exceeded the P W W  of 0.030 mg1L in 
I98611987 and 1989. Maximum concentrations in 1986 were 0.051 mglL. 1989 values are not available. In 
1990, excessive amounts of floating algae slow moving waters downstream of the East End WPCP were 
reported, indicating that phosphorus concentrations are likely being exceeded. The 1986 I1 987 survey also 
showed elevated levels of total ammonia occurred downstream of the East End WPCP. OMOE unpublished 
data reports that the P W W  and MWQS for unionized ammonia (0.02 mg1L) was exceeded in 1989, 300 
metres downstream of the East End WPCP. 

Measured PAHs, in 1985 and 1986, associated with the aqueous phase of the water column increased 
downstream of Leigh Bay, reaching their peak concentration in the Algoma Slip. In this phase, 95% of the 
PAH compounds measured are not carcinogenic or are only weakly carcinogenic. Estimates of PAHs 
assodated with both the whole water and aqueous phase that are considered to be non-caranogenic 
constitute greater than W o  of total PAHs at all sites monitored along the S t  Mary River. Estimated 
concentrations of total PAHs assodated with the whole water phase exceeded the U.S. EPA AWQC for 
Human Health Criteria (for fish consumption) of 31 ng/L for total PAHs from the Algoma Slag Site to 
dowtream of the Sault Ste. Marie. Ontario East End WPCP. 

Benzo(a)pyrene, a carcinogenic PAH compound, was detected in the aqueous phase of the water column 
downstream from the Algoma slag site, along the Ontario shoreline to where the river forks around Sugar 
Island. 



The bacteriological surveys canied out by the OMOE indicate concentrations of fecal colifonns in excess of 
the PWQO immediately downstream from storm sewers and mapr industrial outfalls along the Ontario 
shoreline, and below the wtfall of the East End WPCP. On the Michigan side, combined sewer ovefloas 
discharging into the Sault Edison Electric Company Power Canal resulted in FC densities in excess of 
applicable objectives and total body contact advisories. 

~ e d e n c c s  of fecal d o r m s  occurred downstream of East End WPCP as far as Bells Point (Little Lake 
George). 

6.2 SEDIMENTS 

6.2.1 Characteristics and Spatial Distribution 

Bottom sediment is composed of all detrital, inorganic and organic material settling to the bottom of a body 
of water. The physical behaviour of sediment is strongly influenced by gain size and texture. Sediments 
with large particles, such as sand and coarser material >0.062 mm in diameter, are generally not associated 
with contaminated areas (UC 1988b). Sediments composed of small particles, such as silt and day with 
diameters c0.062 mm, are more reactive than comer sediments and many inorganic and organic 
contaminants readily adsorb to the smaller sediment particles (UC 1988b). Therefore, the spatial distribution 
of fine and coarse sediment throughout the St. Marys River AoC is important when assessing the potential 
areal extent of sediment contamination. 

Sediment in the AoC has been divided into four categories based on particle size. These classes are 
described in tenns of clay, silt, sand, and g r a d  or rock. The size assignment for each category is as follows: 

clay c 0.0039 mm in diameter 
Sit 0.0039 - 0.062 mm in diameter 
Sand 0.062 - 2.0 mm in diameter 
Gravel or Rock >2.0 mm in diameter 

The particle size distribution of bottom sediment in the St. Marys River is shown in Figure 6.15. 

In the upper river above St. Maqs  Rapids, sediments are composed of sand, along with rocks, cobbles, and 
gravel in Whitefish Bay. The Rapids are. is characterized by gravel, rocks, boulders and exposed bedrock. 
Sediments in slower moving and less expawxi areas of the lower river are composed mainly of sand and silt, 
or day and silt (Figure 6.15). Closer to shore in the river's lower reach, sediments tend to be mainly day 
with organic detritus with the proportion of sand increasing with distance offshore. The more protected 
shorelines tend to have finer sediments than the more exposed, eastern shores. Large portions of the 
dredged channel are dominantly comprised of clay (Kauss 1991). 

Sediment composition 4 km downstream of the St. Marys Rapids, varies considerably from the Michigan to 
Ontario shorelines. The Michigan side consists of coarse to medium-fine sands which represent about 63% 
of the sediment's composition. In contrast, sediments along the Ontario shore, where several embayments 
exist, consist primarily of silts (82%) (Hesselberg and Hamdy 1987). In mid-river, fine to very fine sands and 
silts constitute about 90% of the sediment composition. This particle sorting can be attributed to the flow 
distribution in the river below the rapids. 6% of the total river flow is along the Michigan shoreline and 
31% is along the Ontario side (Hesselberg and Hamdy 1987). 

Sediment variation between shorelines also occurs in the channel separating Ontario and Sugar Island, 
Michigan. The curvature of the channel results in higher current velocities near the Island shoreline where 
medium to fine sand (82%) predominate. Lower velocities along the Ontario shore, result in a band of silty 
(47%) sediment (Hesselberg and Hamdy 1987). 





The largest sediment depositional areas occur where the river deepens or widens and current velocities 
decrease. As a result, the finest suspended particles settle out There are four large sediment depositional 
areas in the St Marys River. These are Little Lake George, Lake George, Lake Nicolet and Munuscong 
Lake (F~gure 6.15). 

6.2.2 Historical Contamination 

During the summer of 1986 in a p i t  p r o w  with Environment Canada, U.S. EPA and NOAA, OMOE 
collected sediment core samples, each 60 cm in length, from near the centre of Lake George (stations 
100 and 102, Figure 6.16) in order to determine the historical contamination of the river. Lake George was 
selected as the only site for cote analysis because it represented an area with high sedimentation rates. At 
the time of this s m y ,  limited time and analytical laboratory capacity affected the number of samples 
collected (Hesselberg and Hamdy 1987). 

The sedimentation rates were determined by NOAA for both core samples by measuring the levels of 
cesium-137 (Cs-137) at various depths in the cores. The highest Cs-137 level occurred at a depth of 
approximately 15 an (Figure 6.17). This high level corresponds to fallout from nuclear testing that peaked in 
1%2-1964 (UGLCCS 1988). The sedimentation rates were determined to be 022 glan21yr (0.70 an/ yr) and 
0.19 glm21yr (053 anlyr) at stations 100 and 102, respectively, with an average sedimentation rate of 
0.6 cmlyr (Hesselberg and Hamdy 1987). The age of each layer within the core samples was subsequently 
determined. Only the core sample from station 102 was analyzed for contaminants by Environment Canada 
and OMOE. 

6.2.2.1 Polychlorinated Biphenyls (PCBs) and DDT 

PCBs first appeared in Lake George sediments in the 1950's, with maximum levels occurring in the 
mid-1970's (Figure 6.18). Production of this group of contaminants began in 1929 and peaked in 1970. The 
sediment analyses provide a rearonable record of its use. 

DDT first appeared in the sediments deposited in the mid-1950's. with highest concentrations in the 
mid-1960's. Use of DDT began in 1944 in the United States, peaked in 1959, and was discontinued in 1971. 

The highest concentrations of both contaminants in sediments occurred about 5 years following either peak 
production or use, and concentrations have declined in recent years (Figure 6.18). Major sources were likely 
remote and non-point, resulting in time delays in their transfer and disposition in river sediments. The low 
concentrations found in the core sediments provides additional support for diffuse and remote sources 
(Hesselberg and Hamdy 1987). 

6.2.2.2 Polycyclic Aromatic Hydrocarbons (PAHs) 

Lake George core sediment samples were analyzed for the following U.S.EPA priority PAHs: 

naphthalene (N) benzo(b)fluoranthene (BbF) 

acenaphthylene (AN) benzo(k)fluoranthene (BkF) 

fluoranthene (F) b e m ( a ) ~ ~ e n e  P a p )  

PYfene (PY) indeno(1 J.3-cd)pyrene (IP) 

benzo(a)anthracene (BaA) dibenzo(a,h)anthracene @A) 

chrysene (CH) benzo(gMpe@ene (BPI 
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Figure 6.17 
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Figure 6.18 

St. Marys River Remedial Action Plan 

Ve~tjml distribution of total PCBs and DDT in Lake George sediment 
Core sample was wllected from OMOE site 102 in 1986. Core depths 
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Concentrations of total PAHs and in particular, benm(a)pyrene in the core sample taken from Lake George 
are shown in Figure 6.19. PAH levels were three orders of magnitude higher than those found for PCBs and 
DDT (F~gure 6.18). thus indicating mapr PAH s o w  in the area. Some of the possible sources of PAHs 
include the combustion of fossil fuels 0.e. the burning of mood, coal and automobile c h a w ) ,  fossil fuel 
spills (i.e. coal or petroletan, d crankcase oil), and the production of asphalt, coke, coal tar pitch, carbon 
Mack and creosote (Kauss and Hamdy 1991). 

The core profile indicates that PAH inputs to the river increased substantially in the early l W s ,  probably 
due to increased steel production during World War 11. A small lag occurred in the late 1940's to early 
1950's. followed by a sharp increase in the late 1950's. with peaks during the late 1960's and early 1970's. 
The pattern of total PAH and bcnm(a)pyrene concentrations in the sediments of Lake George track 
historical trends in steel production and coking processes at the Algoma Steel Mill in Sault Ste. Marie, 
Ontario (Hesselberg and Harndy 1987). 

Considerably lower PAH concentrations occur in more recent sediments, probably due to a combination of 
loartr steel production, improved pollution control systems and increased river flow along the Ontario shore 
(Hesselberg and Hamdy 1987). 

Changes in the relative distribution of the different PAHs at three core depths are shown in Figure 6.20. 
Sediments 29 crn to 30 cm deep represent materials deposited about 1930, before significant industrialization 
of the area. The mapr PAHs =re indeno(l,2,3d)pyrene and benzo(g,hj)peryiene. Beruo(a)pyrene was 
the dominant PAH at a depth of 11 to 12 cm (about 1968) however, other 4- and 5-ringed PAHs including 
pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene and benzoQfluoranthene were also present at 
high concentrations relative to other PAHs (Figure 6.20). These PAHs with the higher molecular weight (4- 
and 5-ringed) are generally produced by high-temperature combustion of fossil fuels and may be by-products 
of the coking process (Kauss and Hamdy 1991). 

In recent surfiaal sediments (0-1 an depth), naphthalene and phenanthrene represent a more significant 
fraction of the total PAHs, together with the 4- and 5-ringed PAHs, although other PAHs are still more 
abundant than at the other depths 6.20). Naphthalene, aunaphthylene, acenaphthene and 
fluoranthene are lower-weight PAHs and their primary sources may be fossil fuel spills such as coal and 
petroleum. Concentrations of naphthalene exhibited the greatest increase from 1%8 to 1985. but 
naphthalene is also the most readily degraded or dissolved in water (NRCC 1983). Naphthalene 
concentrations in older sediments likely were lost more quickly than other PAHs deposited at the same time, 
thus appearing to be less abundant. However, concentrations of all the lower weight PAHs are much less 
than concentrations of the 4- to 5-ringed PAHs in the recent sediments, indicating that high temperature 
combustion of fossil fuels is still the greatest source of PAHs. 

6.2.2.3 Metals 

The vertical distributions of vanadium (V), nickel (NI), copper (Cu) and cobalt (Co) in the Lake George 
sediment core were relatively uniform with depth (Figure 621). Concentrations were relatively constant, 
averaging about 60 mglkg V, 43 rnglkg NI, 35 mglkg Cu and 18 mglkg Co. This would indicate that either 
the sources of these elements had not changed significantly from 1950 to 1986, or that these concentrations 
represent natural background levels and there are no significant sources of these elements to Lake George 
and the St. Marys River. 

The vertical distributions of 2inc, lead and chromium in the sediment core exhibited peak levels over time 
(Figure 6.22). Zinc concentrations increased gradually from 139 mglkg to 410 mglkg from 20 an (approx 
1950) to 12 cm (approx 1%9), and then decreased to 185 mglkg at 4 an of depth (approx. 1984). Lead 
peaked at 94 mglkg at 11 an (approx 1970). Chromium peaked at 189 mglkg at 16 an (appro% 1960). 
Concentrations of all three elements peaked in the 1960's and 1970's and have since dedied,  indicating that 
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of a Lake George S8dIment core 
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Vertical distributions of vanadium, nickel, copper and cobalt 
in Lake George sediment 
Core sample was collected from OMOE site 102 in 1986. Core depths 
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Vertical distributions of zinc, chromium and lead 
in Lake George sediment 
Core sample was collected from OMOE site 102 in 1986. Core depths 
are represented by year sediment was deposited which was 
determined by Ceswm 137 dating. 
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loadings of these dements to Lake George and the S t  Maqs River have decreased. It should be noted that 
Algoma Steel operated a chromium smelter in the vicinity of the Terminal Basins outfall. This smelter was 
closed in 1952 and may have acted as a source of chromium to the St. Marys Rivtr. 

An average sedimentation rate of 0.6 cmJytar indicates that approximately 2.4 cm at the top of the core, has 
been influenced by the 1982 increase in flow along the Ontario shore from the hydroelectric facility. This 
increase in flow may haw affected the sediment distribution, sedimentation rate and is likely a factor 
resulting in slight increases or decreases of contaminant levels in Lake George sediment. Figure 6.22 shows 
that zinc values increase slightly from 3 to 1 cm, chromium levels decrease slightly and lead values remain 
relatively constant 

6.2.2.4 Oil and Grease 

The distribution of oil and grease in the Lake George sediment core differed from that of total PAHs and 
zinc 623). Oil and grease levels increased steadily befween the 1930's (360 mg/kg) and the late 
1970's (3,580 rnglkg). The highest level (8,190 mglkg) occurred in the mid-1970's indicating that loadings of 
oil and grease have declined in recent years. Oil and grease levels decrease in the top 3 an (Fqgure 23). 
Increased flows along the Ontario shore since 1982 may be one factor affecting the deposition of sediment 
and hence oil and grease in Lake George. 

6.2.3 Surficial Sediment Contamination 

Numerous surfiaal sediment s m y s  of the St. May River have been conducted by both Ontario and 
Michigan since 1968. These survtys identified existing contaminants and their sources and determined the 
extent and degree of contamination within the river sediments. Sediment surveys were carried out by 
OMOE in 1968 (Veal 1%8), in 1973 (Hamdy a al., 1978). in 1983 (Kauss 1986)jn 1985 (Hesselberg and 
Hamdy 1987) and in 1987 and 1989 (results not yet available). United States agenaes conducting sediment 
survtys were the U.S.ACOE in 1970, 1972 and 1982, MDNR in 1978 and the U.S.EPA and U.S.FWS in 
1984J1985 (Hesselberg and Hamdy 1987). 

The most extensive sediment surveys, camed out by OMOE and U.S.EPA1FWS in 1985, covered the entire 
St. Mary  River AoC. OMOE d e c t e d  sediment samples at 71 stations (Figure 6.16) and U.S.EPA1FWS 
collected samples at 125 stations (figure 6.24). Only the top 3 an were sampled for these surveys. Results 
from both these surveys arc in Appendix 6.2. 

In order to compare contaminant levels in sediments, and determine their spatial distribution, the St. Marys 
River RAP team defined an arbitrary set of criteria outlined in Table 6.6. This "RAP Sediment Criteria" for 
the classification of St. Marys River surficial sediment was defined using a combination of the U.S. EPA 
Guidelines for Pollution Classification of Great Lakes Harbor Sediments and OMOE Open Water Disposal 
Guidelines for Dredge Spoils. The "RAP Sediment Criteria" delimits non-polluted, moderately polluted or 
heavily polluted concentration ranges (Table 6.6). Figures showing the spatial distribution of contaminants 
were prepared by MDNR using the "RAP Sediment Criteria". Data used in the preparation of these figures 
were the 198411985 OMOE, U.S.EPA and U.S.FWS (Hesselberg and Hamdy 1987), MDNR data collected 
in June. 1978 and the U.S.ACOE sediment data collected in 1970, 1972 and 1982. 

Results from the 1985 OMOE and 198411985 U.S. EPAJFWS are then compared to the lowest criterion 
from the OMOE Open Water Disposal Guidelines (OWDG) and U.S. EPA Sediment Classification 
Guidelines Fables 6.7 and 6.8). These guidelines only provide a comparison of relative concentrations and 
are not based on biological effects (UGLCCS 1988). The new draft OMOE sediment quality guidelines take 
into account biological effects, however they are only in draft version and were not available for the 
preparation of this report (see Appendix 6.3 for the draft guidelines). 
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Figure 6.24 

St. Mays River Remedial Actrbn Plan 

Location of U.S. EPA and U.S. FWS 1985 sediment sampling sites 
(fmn M d  Hurdy 1987) 
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Table 6.6 "RAP Sediment Criteriaw used for the classification of S t  Marys River surfiaal sediments. 
(Criteria mere developed from OMOE Open Water Disposal Guidelines for Dredged 
Material and US. EPA Guidelines for the Pollution Classification of Great Lakes Harbor 
Sediments). 

Parameter 

Ammonia 

Arsenic < 3 3 - 8  > 8  
Cadmium < 1 1 - 6  > 6 

Chromium < 25 25 - 75 > 75 
m T = r  <25 25-50 >50 
- - -- 

Cyanide < 0.1 0.1 - 0.25 > 0.25 
Iron < 17,000 17,000 - 25,000 > 25,000 
Lead <40 40 - 60 >60 

Manganese c300 300-500 >500 
Mercury < 0 3  0 3  - .9 > 1 
Nickel <20 20-50 >50 

PCBs < 0.05 0.05 - 9.99 > 10 
Zinc <90 90-200 >200 
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Table 6.7 shows the percent of samples from the 1985 OMOE survey and 198411985 U.S. EPAIFWS survey 
that exeeded the actual US. EPA moderately polluted or OMOE Open Water Disposal Guidelines. 
Tables 6.8 and 6.9 show the percent ucceedences and range of values by area in the St. Marys River. The 
percents were calculated by using the lowest guideline for each contaminant 1984 data was not used in 
Tables 6.8 and 6.9 because there were insufficient samples for each location. The US. EPAIFWS samples 
gives the best picture of overall river pollution because of the e m  distribution of sampling sites. OMOE 
samples locations were biased toward areas of lolow contamination (Hesselberg and Harndy 1987). 

The 1985 OMOE and U.S.EPAIFWS s m y s  showed iron concentrations wtre elevated in several 
depositional zones throughout the St. Mary River. figure 6.25 shows sediments heavily polluted with iron 
ouxu from the Algoma Slip downstream along the Ontario shoreline, the northwest shore of Sugar Island 
and in the m t r e  of Little Lake George and Lake George. Table 6.8 shows that all OMOE samples taken 
downstream of Algoma Steel at Sault Ste. Marie and Little Lake George exceeded the OMOE and USEPA 
guidelines. Values ranged from 11,000 to 150,000 mglkg and 19,000 to 39,000 rnglkg respectively. 91% of 
the OMOE samples taken in Lake George exceeded the guidelines. Samples collected in lower Lake Ncolet 
and Munuscong Lake were not analyzed for iron, thus its spatial distribution in these areas is not hown. 

6.2.3.2 Chromium 

The 1985 sediment s u m p  show that most sediments throughout the St. Marys River AoC are moderately 
contaminated according to the US. EPA dredge spoil guideline (25-75 mglkg). Values throughout the river 
ranged from 0 to 78 rnglkg (Table 6.8 and Figure 6.26). The highest values were found downstream of 
Algoma Steel along the Ontario shore (10-78 mglkg) and in Lake Munuscong (16-70 mg.kg). Earlier 
USACOE and MDNR survtys showed that sediments along the Michigan shore near the Cannelton 
Industries site and those along the Ontario shore &st downstream of the locks are heavily polluted with 
chromium 6.26) (Kenaga 1979, sampled in 1978 by MDNR). 1978 chromium concentrations in 
bottom sediments ranged from 8 to 10 mglkg at uncontaminated sites and from 20 to 2,200 mglkg neanhore 
and downstream of the Cannelton site. Concentrations in sediments immediately adjacent to the site were as 
high as 4,000 mglkg (Kenaga 1979). Studies by Kenaga (1979) have shown the Cannelton Industries site to 
be a source of chromium to the St. Marys River. The 1991 U.S. EPA Remedial Investigation showed that 
concentrations of chromium in sediment upstream of the Cannelton site ranged from 3.65 to 16.25 mglkg. 
The highest concentrations of chromium were found downstream of the site in a small bay called 'Tannery 
Bay h e r e  values reached 31,000 mglkg (U.S.EPA 1991). 

Background data for chromium in sediments can be determined from one core sample taken by OMOE in 
1987 in Marks Bay. The average of all chromium values from the core was 22.9 mglkg with a range of 
15-30 mglkg (OMOE unpublished 1987 data). This would indicate that background chromium values in 
surfiaal sediment are relatively high and maximum values exceed the OMOE and U.S. EPA dredge spoil 
criteria (25 mglkg). 

6.2.3.3 Zinc and Lead 

OMOE 1973 and 1983 surveys have shown that maximum concentrations of zinc in surfiaal sediments 
occurred within the vicinity of the Algoma Slip and along the Ontario shore downstream of the Rapids. 
Figure 6.27 shows that maximum concentrations have decreased from 1973 (1100 mglkg) to 1983 
(654 mglkg). This reduction is due to a reduction in zinc loadings from Algoma Steel discharges and the 
doubling of river flow along the Ontario shoreline resulting from increased diversion to the Clerque 
Generating Station in 1982 (Kauss 1986). 



Table 6.9 Summary of non-metal contaminants in surficial sediment by area with range and percentage of 
samples exceeding the lesser of the U.S. EPA moderately polluted or OMOE sediment pollution 
Guidelines. (prepared from Hesselberg and Hamdy 1987). All concentrations are in mg/kg unless 
otherwise noted. 

LO1 L o r .  a? Igr l t l a?  
P Tot.! phosphorus 
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1 St. Marys River Remedial Action Plan 
Spatial distribution of iron contamination in surficial sediment 
in the St. Maw River, 1985 
Sediment classifir=attion is based on "RAP Criteria Guidelines" (Table 6.6) 
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Figure 6.26 

St. Marys River Remedial Action Plan 
Spatial distribution of chromium contamination in surlical sediment 
in the St. Marys River, 1985 
Sediment dassTyatbn is based on "RAP Criteria Guidelines" (Table 6.6) 
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Figure 6.28 

St. Mays River Remedial Action Plan 
Spatial distribution of zinc contamination in surficial sediment 
in the St Marys River, 1985 
Sediment dassrTition is based on "RAP Criteria Guidelines" (Table 6.6) 
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Figure 6.29 

St. Marys River Remedial Actrbn Plan 
Spatial distribution of laad contamination in surticial sediment 
in the St Marys River, 1985 
Sediment classIrcation is based on "RAP Criteria Guidelines" (Table 6.6) 
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Results from the 1985 survey s h o d  that sediments heavily polluted with MC and lead (according to the 
"RAP Sediment Criteria.) were somewhat coincident (F~gures 628 and 629 respectively). Thtse indude the 
Ontario shoreline downstream of Algoma Steel (32-660 mglkg Zn and 82-250 mglkg Pb), the northwest 
shore of Sugar Island, in the Lake George Channel opposite Little Lake George (29-470 mglkg Zn and 
7-130 mglkg Pb) and the centre of Lake George (16260 mglkg Za and 38-76 mglkg Pb) (Table 6 8  and 
Figures 628 and 629). Sediments, moderately contaminated with lead and zinc ("RAP Sediment Criteria") 
occur in Lake Nicdet (1 1-14 mglkg Zn and 2.8-43 mglkg Pb) and the Lime Island Channel (only zinc 6- 
110 mglkg). Sediments in Lake Munuscong did not emxed the dredging guidelines and can be regarded as 
nonpolluted with respect to zinc and lead (Table 6.8). 

Additionally, sediment heavily polluted ("RAP Sediment Criteria") with lead was found along the Michigan 
shore immediately downstream of the Sault Edison Electric Co. Canal (Figure 6.29). 

6.2.3.4 Arsenic and Manganese 

The 1985 survey showed that sediments wcre moderately to heavily polluted ("RAP Sediment Criteria") with 
arsenic and manganese in depositional zones along the Ontario shoreline from the Algoma Steel property 
doomstream to Lake George Channel, along the northwest shore of Sugar Island and in the centres of Little 
Lake George and Lake George (Figures 6.30 and 631). Moderately polluted sediments were found in the 
upper reach of Lake Nicolet. Samples collected in lower Lake Nicolet and Munuscong Lake were not 
anal@ for arsenic and manganese, thus their spatial distribution in these areas is not known. 

Table 6.8 shows samples from the OMOE survey exceeded the U.S. EPA dredge spoil moderately polluted 
guideline for arsenic (3-8 mglkg) downstream of Algoma Steel in 89% of the samples (2.97-43.90 mglkg), in 
all samples (1Wo) from Little Lake George (4.14-1021 mglkg), in 68% of the samples in Lake George 
(1.96-14.82 mglkg) and 7% in upper Lake Nicolet (1.35-4.92 mglkg). 

The U.S. EPA moderately polluted guideline for manganese is 300 to 500 mglkg. This guideline was 
exceeded downstream of Algoma Steel in 89% of the samples (1407-3.700 mglkg), in 80% of the samples 
from Little Lake George (220-480 mglkg), in 50% of the samples in Lake George (100-640 mglkg) and 29% 
in upper Lake Nicolet (70-7.000 mglkg). 

6.2.3.5 Nickel and Copper 

The "RAP Sediment Criteria' identifies sediment heavily polluted with nickel (>SO mglkg) and copper 
(>  50 rnglkg), occurs along the Ontario shoreline jrst below the locks (Egures 6.32 and 6.33). In addition, 
sediments heavily polluted with copper occur in an embayment at the downstream end of Lake George 
Channel Figure 633). The 1985 survcy also showed moderately contaminated sediments in the vicinity of 
the Algoma Slip, in the depositional zones along the northwest shore of Sugar Island and in Little Lake 
George, Lake George. Lake Nicolet and Munuscong Lake (Table 6.8 and Figures 6.32 and 6.33). 

Data from one core sample, taken by OMOE in 1987 in Marks Bay, show that the average nickel value is 
9.2 mglkg (5.9-13 mglkg range) and the average copper concentration is 122 mglkg (6.1-39 mglkg range) 
(OMOE unpublished 1987 data). This data can be considered as background information. It indicates that 
the maximum background copper values are high and exceed the OMOE and U.S. EPA dredge spoil criteria 
(25 mglkg). The OWDG and U.S. EPA criterion for nickel (25 and 20 mglkg respectively) in not exceeded 
by background samples. This suggests that some copper and, to a lesser extent nickel, in the St. Marys River 
comes from background, however the higher levels of both metals in the river sediment suggest that there 
are additional sources. 
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St. Marys River Remedial Adion Plan 
Spatial distribution of manganese contamination in sutficial sediment 
in the St. Maw River, 7985 
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Figure 6.32 

St. Marys River Renredial Actbn Plan 
Spatial distribution of nickel contamination in surficial sediment 
in the St. Marys River, I985 
Sediment dilssifiwtrbn is based on "RAP Criteria Guidelines" (Table 6.6) 
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St. Marys River Remedial Action Plan 
m i a l  distribution of copper contamination in surficial sediment 
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Table 6.7 shows that 49% of the OMOE samples and 34% of the U.S.EPA/FWS samples exceeded the 
sediment pollution guideline for Cu. The U.S.EPA moderately polluted guideline for Ni (20-50 mglkg) was 
exceeded in 34% of the US.EPA/FWS samples and in 21% of the OMOE samples. 

6.2.3.6 Cadmium, Mercury and Cyanide 

The MDNR 1978 sumy (Kenaga 1979) and the 1985 s m y s  revealed small scattered areas of sediment 
moderately polluted ("RAP Sediment Criteria") with cadmium (Figure 634). These areas occur adjacent to 
the Cannelton Industries waste site (M sediment samples contained 1.9 and 2 0  mglkg Cd), along the 
Michigan shore downstream of the Sault Edison Power Canal, Little Lake George and Lake George (Kenaga 
1979, USACOE 1970,1972, 1982 unpublished data and MDNR 1987 unpublished data). The remainder of 
the St  Marys River has been classified as non-polluted with respect to cadmium. Table 6.7 shows only 4% 
of the U.S.EPA/FWS samples and 3% of the OMOE samples exceeded the OMOE sediment pollution 
guideline for cadmium. 1985 concentrations throughout the river ranged from 0.20 to 1.8 mg/kg (Table 6.8). 

Only two sediment samples from the 1985 swvcy had levels of mercury classed as moderately polluted (03 to 
0.9 mglkg) by the W Sediment Criteriaw. One sample was located in the Rapids at the downstream end 
(0.38 mglkg Hg) and the other was from the upper part of Lake Munuscong (031 mglkg Hg). Both theses 
samples exceed the Ontario OWDG criterion of 0 3  mglkg. 

OMOE surveys of sediment quality in 1973 and 1983 showed that sediments in the vicinity of the Algoma 
Slip and downstream along the Ontario shore were heavily polluted with cyanide (Kauss 1986). However, 
cyanide levels as high as 14 mglkg in 1973, were not detected in 1983. The maximum 1983 cyanide value 
was 0.015 mglkg (Kauss 1986). The 1985 U.S.EPA/FWS survey data showed the majority of sediment 
samples to be moderate to heavily polluted (Appendix 6.2) however, the credibility of the analysis is in doubt. 
Because all samples that detected cyanide were either 0.1 mglkg or greater. It is possible that the samples 
were too small or interferences affected the results (Hesselberg and Hamdy 1987). 

6.2.3.7 Oil and Grease 

The 1973 and 1983 OMOE surveys showed that surfiaal sediment was heavily contaminated with oil and 
grease dong the Ontario shore from the Algoma Steel Slag site and Slip downstream to Sugar Island 
(Figure 635). Maximum oil and grease levels exhibited little change from 1973 (19,000 mglkg) to 1983 
(17,630 mglkg); however, the areal extent of high oil and grease levels had slightly decreased by 1983 
(Figure 6.35). The "RAP Sediment Criteria" indicates that surficial sediments along both shorelines of the 
Lake George Channel, all of Little Lake George, the centre of Lake George, the entrance to the St. Joseph 
ChanneI and lower Lake Nicolet were heavily contaminated (>2000 rnglkg) with oil and grease in 1985 
(Figure 636). In addition moderately polluted sediments occur along the Michigan shoreline downstream of 
the Sault Edison Power Canal and in upper Lake Nicolet. The highest values were found at the entrance to 
the St. Joseph Channel (10,800 mglkg) and in the West Neebiih Channel (16,500 mglkg) (Appendix 6.2). 
Table 6.9 shows that the areas downstream of Algoma Steel, Little Lake George and Lake George had the 
highest number of oil and grease exceedences. 

6.2.3.8 Total PCBs 

Little information is available on PCBs in sediments from the 1973 OMOE survey. 1983 data identified 
several areas with elevated levels of PCBs in sediments (up to 0.455 mglkg) located at the entrance to the 
Great Lakes Power Canal, downstream of the locks along the Ontario shore, both upstream and downstream 
of the Sault Edison Power Canal on the Michigan shore and at the East End WPCP (Figure 6.37). 
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Figure 6.37 

St. Marys River Remedial Action Plan 

Spatial distribution of PCBs in St. Marys River surficiai sediments in 1983 
The zones and ranges were statistically determined 
(rm K . u s  1985) 
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Twntysevcn percent of the US. EPAIFWS samples ud 14% of the OMOE samples in 1985 exceeded the 
Ontario OWDG of 0.05 mg/kg for PCBs (Table 6.7). The maximum concentrations of total PCBs deteaed 
by the OMOE was 0250 mglkg. The tna%imum concentration of total PCBs detected by the U.S.EPAIFWS 
was 3306 mglkg from station U63 in the Middle Nccbish Channel (F~gure 624). The range of total PCB 
concentrations ia the rrmaining 124 samples collected by the USEPAIFWS was "not detected" to 
0.145 mg/kg (Appudix 62). There are no known sources of PCBs near the Middle Netbish Channel. 

The "RAP Sediment C r i W  identify a number of areas throughout the St. Marys River are moderately 
contaminated (0.039.99 mglkg) with PCBs, particularfy the East and West Neebish Channels, Munuscong 
Bay and M m m  Lake (Flgufe 638). 

The nature of the concentration contour interval used in A p e  637 for the 1983 data, indicates that there 
may have been some historical point sources of PCBs on both sides of the River. 

6.2.3.9 Total PAHs 

Fifteen suficial sediment samples were analyzed for PAH content during the 1985 OMOE s w t y  
(Kgure 639). The highest total PAH value was found at station 115 in the Algoma Slip (711 mgikg) (Kauss 
and Harndy 1991). This station also had the highest concentrations of naphthalene, acenaphthylene, 
acenaphthcne, fluorene, phenanthrenc, anthracene, fluoranthene, pyrcne, buuo(g,hj)perylcne, quinoline, 
carbaz.de, acridine, buyo(a)acridint, buuothiophcne and dibentothiophene (Appcdix 6.4). Rgure 639 
also shows that both total and individual PAHs generally decreased downstream. High concentrations of 
total PAHs were found along the Michigan shore immediately downstream of the Sault Edison Electric Co. 
Canal 639). Maximum survey concentrations of chrysene, buuo(a)anthracene, benu, 
(b/k)fluoranthene, buuoOfluoranthene, buuo(e)pyrene, perylene, buuo(a)pyrene and 
dibuuo(a,h)anthracene were also found &st downstream of the Sault Edison Power Canal (Appendix 6.4). 

There are no a d a b l e  objectives or guidelines for total PAHs in sediments. The UC (1983) has 
recommended that buur>(a)pyrene in sediment not exceed 1 mglkg. Benzo(a)pyrene exceeded the UC 
guideline in 60%~ of the samples (9 samples out of 15) taken from the S t  Marys River. 

The perctnt of mutagenic and carcinogenic PAHs in bottom sediment was calculated using values in 
Appendix 6.4 and the information in Table 6.4. Samples with the highest total PAH concentration do not 
nectssarily contain the highest percentage of carcinogenic PAH compounds. For example, the sample 
collected adjacent to the Slag Site contained 77 mglkg total PAHs of which 78% arc carcinogenic. Two 
samples collected in and at the mouth of the Algoma Slip contained 711 and 71 mglkg total PAHs 
respectidy with 1Wo and 25% being carcinogenic. Of interest, a sediment sample collected immediately 
downstream of the Sault Edison Power Canal contained 338 rnglkg total PAHs of which 48% are 
carcinogenic. 

6.2.3.10 Loss On Ignition (LOI) 

Percent loss on ignition 0 1 )  values are a rough approximation of the amount of organic matter in the 
sediments. The highest LO1 values from the 1985 surveys occurred along the Ontario shore downstream of 
Algorna Steel and S t  Marys Paper. Values ranged from 0 2  to 17.4% exceeding the Ontario OWDG (6%) 
and U.S. EPA criteria (58%). Table 6.9 indicates that the more stringent US. EPA criteria for LO1 was 
exceeded in LiUle Lake George, Lake George and Lake Nicolet. 
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6.2.3.1 1 Total Phosphorus Total (TP) and Kjddahl Nitrogen (TKN) 

The 1985 s m y s  showed that TP concentrations in sediment were highest along the Ontario shore 
downstream of Algotna Steel (180-760 mglkg), in Little Lake George (38fk750 mglkg) and in Lake George 
(3OM70 mglkg). Although the maximum TP cowentraticm are similar in each of the three areas, the 
percent of samples aDceeding the US. EPA moderately polluted criteria (420650 =/kg) suggests that the 
East End WPCP is a point source for phosphorus. Table 6.9 shows that 33% of the OMOE samples 
downstream of Algama Steel at Sault Ste. Marie were in eaxedence. However, further downstream at Little 
Lake George, 80% are in d e n c c  suggesting a source of phosphorus is present downstream of the town 
of Sault Ste. Marie. Tbe percent emxedences deaeases downstream f r tm~ Little Lake George to Lake 
George (73%) indicating there are w mapr inputs of phosphorus to the river. 

A similar trend for TKN is identified in Table 6.9. TKN eaxedences did not occur in the 1985 samples 
downstream of Algoma Steel however, all samples from Little Lake George (1,500 to 3,000 mglkg), which is 
downstream of the East End WPCP, d e d  the US. EPA criteria (1,000-2,000 mg /kg). TKN 
concentrations in Lake George ranged from not detected to 2,100 mg/kg with only 50% in upceedence. 

6.2.4 Summary 

Sediments along the Ontario shore from the Algoma Steel Slag Site above the Rapids as well as downstream 
of the Great Lakes Power Canal to Sugar Island, the northwest shore of Sugar Island within the Lake 
George Channel, Little Lake George and the north central part of Lake George are "heavily polluted ("RAP 
Sediment Criteria) with iron, zinc, l a d ,  manganese, cadmium, nickel, copper, chromium, arsenic and oil and 
grease. Sediments at the entrance to St. Joseph Channel and the West Neebish Channel are heavily polluted 
with oil and grease. The Michigan shore adjicent to the Cannelton waste disposal site and the Ontario shore 
downstream of the locks is heavily polluted with chromium. High concentrations of total PAHs occur 
downstream along the Ontario shore from the Algoma Steel property to the entrance of Lake George 
Channel, on the Michigan shore downstream of the Sault Edison Electric Co. Canal. 

Sediments 'moderately polluted ("RAP Sediment Criteria') with chromium, nickel, copper and PCBs occur 
throughout the S t  Mary River AoC particularly in Little Lake George, Lake George, Munuscong Lake. East 
and West Neebii  and S t  Joseph Channels. H o w e ~ r ,  natural background levels of chromium and copper 
may be high enough to be classified as moderately polluted. 

Contaminants, which uroeed the Ontaiio OWDG and the US. EPA "moderately polluted" guidelines for 
dredged materials are summarized in Table 6.10. Parameters exceeding the most stringent of these 
guidelines downstream of the Algoma Slip and along the Ontario shore, in Little Lake George and Lake 
George include iron, chromium, h c ,  lead, arsenic, manganese, nicktl, copper, oil and grease, PCBs, LOI. 
total phosphorus and TKN. In addition, total PAHs exceeded the proposed Ontario Sediment Quality 
Guideline of 2.0 mglkg at these locations. 

Lake Ncolet eltceedences included iron, chromium, zinc, lead, arsenic, manganese, nickel, copper, cadmium, 
oil and grease, PCBs, LO& total phosphorus, and TKN. Chromium, nickel, copper, mercury (one sample), 
and PCBs were exceeded in Munuscong Lake. Chromium and cadmium urceedencts occur at the head of 
the S t  Marys R i ~ r  along the Michigan shore at the Cannelton Industries waste disposal site. 

Historical information from a Lake George core sample shows that levels of total PAHs, total PCBs, total 
DDT, zinc, chromium Itad and oil and grease peaked in the 1960's or 1970's and have since declined. 
Loadings of PCBs and DDT have declined due to decreased use while decreases in the inputs of other 
con tarninants are probably due to improved waste treatment and decreased production at Algoma Steel. The 
wctent of heavily polluted sediment along the Ontario shore downstream of the Algoma site has also 



Table 6.10 Summary of parameters in bottom sediment exceeding the OHOE Open Water Disposal Guidelines for 
dredged material (OWDG) and U.S. EPA "moderately polluted" guideline for Disposal of Great Lakes 
Harbor Sediments for the St. Harys River Area of Concern. 

O n t u l o  OMG 25 
U.S. EPA 25-75 

O n t u l o  OMG 100 
U.S. EPA 90-200 

( h t u l o  OVDG 50 
U.S. €PA 4 0 6 0  

Ontarlo OYDC 8 
U.S. EPA 3-8 

U.S. EPA 300-500 

1905- alga^ S l i p  ad ( h t u l o  shore darutnr of ~ 1 -  Stool ( 1 1 , ~ 1 5 0 , 0 0 0 ;  
r r rge)  
-L i t t l e  Lake George (19.000-39,000; rmgn) 
-Lake George (8.600-42.00; r r g . )  
-La. Nlcolet 4 - t  (5,500-21.000; rrp . )  

1978-Hlchlgm ahore d a r r a t r e l a  of C r r v l t m  InjJstrlea w u t e  o l t e  (20-2200; rutgo) 
-MJwcmt t o  C r r r l t o n  Industries wut. s l t o  (4,000; m u )  

1985-Ontulo shore darrrtrerm of A l g a u  Stool (10-79; r m p )  
-Little LAe b a g e  (7-61; rmge)  
-Lake George (0-56; rmge)  
-L&e Nlcolet (5-49; rmgu) 
- L a c  )*.ulccrrg (16-70; r r g e )  
-Llac I a l m d  Chrrai (4-68; rmge)  

IWl-Hlchlgm ahore d a r r a t r e a  of Cane l ton  InjJstrlea w u t e  s l t e  a t  Tmnsry B y m  
(31.000; oar) 

1973-Algaaa S l i p  ad along O n t u l o  .ha. d a u u t r o r  of A l g a a  S t w l  t o  hd of LA. 
G@orgs C h r r a l  (9.4-1100; r r g e )  

1983-Algaas S l lp ;  d a r r u t r e m  of 51.9 S l te .  Q l t r l o  3wrre d a r u t r e r  of Al- Stool 
t o  t m d  of Lake Geagc C h a r r l  rd a t  E u t  End VPB (7 .1654;  rmgn) 

1905-0a(rutrem of Slmg S l t e ,  O n t u l o  a m  d o u u t r e r  of Al- S t w l  (32660; 
rage) 
-Little Lake George (29-470; rmge)  
-Lake George (16-260; r u g e )  
-Lake Nlcolet 4 - t  (11-140; rmge)  
-Llm Ia lmd -1 (6-110; r a g c )  

1985-Darrutrem of Slmg S l t e .  Olr tulo ahore dowut rem of Al- S t w l  rrJ t l lchlgm 
shore d o m s t r e m  of Sarl t Edlam P a r  C v u l  (8.2-250; r r r g s )  
- ~ i t t ~ e  t a e  (7-130; r.ngc) 
-Idre George (3.8-76; rmge) 
-Lake Nlcolet edmymmt (2.8-43; rango) 

1985-Alory~ the ( h t u l o  shore from the Slag S l t e  t o  ttm t m d  of t h  Lake Geago 
Chrnc l  (2.97-43.9; rarq)e) 
- L i t t l e  Lake George (4.14-10.21; r-) 
-Lake &age (1.96-14.82; r q )  
-Lake Nlcolet & m t  (1.35-4.93; r l n g l  
-- - 

1985- lag thc ( h t u l o  ahore lrau ths  Slag S l t e  t o  the h e d  of the Lake Ccage 
Charrcl (140-3,700; rarqe) 

-Little Lake George (220-480; rmge)  
-Lake Georgo (100-640; r r g e )  
- L a c  Nlcolet ccrb8)arnt (70-7.000; r r rge)  



Table 6.10 (Cont'd) 

tulbllcr (*) 

b t u i o  OVDG 25 
U.S. EPA 20-50 

On tu lo  OVDG 25 
U.S. EPA 25-50 

On tu lo  OVDC 1.0 
U.S. EPA 6.0. 

b t u l o  OVDC 0.3 
U.S. EPA 1.0" 

r n t u l o  OVDC 0.1 
U.S. EPA 0.1-0.25 

On tu lo  OVDG 1,500 
U.S. EPA 1.000-2,000 

1985drrtulo shore d c r u t r e m  of Algam Steel (4-35; r.lrg.1 
-Lit t le  Lake George (4-30; r rg . )  
-L&e George (2-31; r.npe) 
-Lao Mlcolet ..bapmnt (2.0-25; r-) 
-Lake I l u u u a n g  (4-44; rmge) 
-Llm I s 1 4  C-1 (3-38; r.ngs) 

1985-0ntulo shom da r ru t r ea  of S1.g S i t e  t o  hd of L&e (;.ap. C h r r r l  (4.8-52; 
r-1 

-Lit t le  Lake Georw (7-110; r-) 
-Lao George (4-59; r rg . )  
-L&e Wlcolet & m t  (4-41; r m )  
-L&e I l u u u a n g  (8-41; rmge) 
- L l a  t s l d  Uurra l  (2-42: r-l 

1978-4flchlgm . h a e  d J r m t  t o  C m l t a r  Indurtrles waste s i t e  (1.9 rrd 2.0; two 
s r p l e r )  

1985-lllchlgm . h a e  Just d o u u t r e r  of S u l t  Edlsan Pamr C r u l  (0.2-1.1; rmgm) 
-Little Lake Goorgo (0.2-1.8; rrrg.) 
-L&e George (0.2-1.1; rmge) 
-Lake Wlcolet & m t  (0.2-1.2; rmgo) 

1985-Tw s q l e s ,  am at  c k u u t r e r  end of Rg lds  (0.38). m In M e  lLrrvcw 

1973-Algou Sllp; Algau S1.g Sl te  d c l u t r a r  a l w  On tu lo  .hao t o  k r g u  l s l d  
(44-19.000; rmge) 

1983-Al- S1 lp; Algcru Sl8g Sl te  c k u u t r e r  alcng Ontarlo .bar t o  Sugu l s l d  
(210-17.360; r-) 

1985-Algou Sllp; Algcu Slag Sl te  d c l u t r e m  alcng Ontulo  h a m  t o  L l t t l e  L&e 
George (0-5420; rmge) 

-Lit t le  Lake George (360-9.320; r q )  
-L&e George (0-5,090; rmge) 
-L&e Wlcolet -8-t (0-1.195; r q )  
-Llw I s 1 4  Chrrwl (0-1,250; rrg.) 
-Entrarce t o  S t .  Joseph -1 (10,800; ru) 
-West Neeblsh Chrrv l  (16,500; MX) 



Table 6.10 (~ont'd) 

Ontarlo m 0.05 
U.S. EPA 10.0* 

Ontarlo (MG 6 t 
U.S. EPA 5 % - 8 %  

m t u i o  a m  1,000 
U.S. EPA 420450 

Ontarlo OvDC 2,000 
U.S. EPA 1,000-2.000 

You rd ~ o u t f a n m L q / L 4 )  

1983-Entrmm=a t o  Great L&es Power C a u l ,  [ l n t r l o  .ha8 d a m a t m a  of lacks, 
nlchlgm shore both r p s t r e r  rrd d a m a t m a  of S a l t  Edlsan Parcr C a u l  ud at  

tlm East Errl VPCP (0.02-0.455; rmgo) 
1985dntarlo duxe dauu t r em of Al- Stool (-0.099; r q p )  

-Little L d e  Gea-go (160.362; r u q p )  
-L&e George (-0.065; r a y p )  
-Lao Wlcolet (Kb0.101; rwge) 
-L&e Iluuacarg (0.OZe-0.145; r u q p )  
-LLm Is lmd Chrrv l  (0.024-0.052; rrrg.) 
-tIlddle Meeblsh Chmnel (3.306; ar s q l o )  

1985-Algau Sl lp  (711; m u )  
+tarlo shore damatre- of Al- Stool (17-56; r-) 
-Domstrea of S u l t  Edlsan P-r C r u l  (338; am s-1.) 
-Little Lake George (7; am s-lo) 
-L&e Georae 13: m s-le) 

1985-Alarg the On tu lo  ahore & t m m  of Algam Stool (0.2%-17.4%; r v )  
-Little L d e  George (4 .4 t -9 .n ;  rrrg.) 
-Lake George (0.25:-6.4:; r m )  
-La. I lco le t  (0.73%-7.1%; rrrga) 

1985-Along ths On tu lo  shure d o w s t m m  of Al- St-1 (180-760; rrrg.) 
-Little L&e G ~ ~ ~ Q I B  (380-750; r rp . )  
-L&e Gear* (30CF870; rmge) 
-L&e Wlcolet (150-500; rrrgc) 

1985-Llttle Lake George (1,500-3,000; rmgo) 
-L&e George (-2.100; r v )  
-L&e Nlcolet 1300-2.900: r-1 

Ontmrlo Hlnlstry of t t a  Envlra-mmnt Opcn Water Dlaposal Guldcl lma  f a r  Drcdgsd Naterlals. 
U.S. EPA lnterlm Culcbllms for ths Dlpoaal of Great L&as Harbor Sedlmnts - va lws  .harn u e  r.ngcs amapass lng  the .Ilobrmtely 

Polluted. c l a s s l f l c a t lm ,  val-s tlm -1- noted u e  In ttm 'Hcavlly Pollutodg class.  
3 Ontarlo Prapoaed k d l a m t  Ouallty GulQllma. L a s a t  Effect Level (mix 6.3) 

* k w l l y  polluted category m l y ,  Isodsrately polluted v s l w s  are e l t b r  not deteralned (Hg and Cd) a t o  be calculated m a caaeby-cur bulm 



d u x a s d  For example, the areal utent of zinc and oil and grease sediment amtamination decreased from 
1973to1983. Tl~isThijdecprobablyduetoadecreascincon taminant loadings and an i n c r k  in flow 
through the Great Lalres Powr Canal in 1982 

6.3 PHYTOPLANKTON 

6.3.1 Background 

To date, most studies on phytoplankton and puiphytoa of Lake Superior and the St Marys River have been 
qualitatie to semi-quaatitatk, d are g e n d y  rcmktd to diatoms d other macro-phyfoplan)aon. 
Nonetheless, scientists have oftah used the lake and river as examples of low productivity (digotrophic) 
aiditions to confirm changes that have occurred in other k e n t i a n  Great Lakes owing to cultural 
enrichment For example, Hdlsnd (1965) examined samples cdlected betanen June and N ~ ~ m b e r ,  1%4 
and irdicated that d i a m  (Bdbiophyuae), inddng four species of Cjdordlu (C glosncmtq C 
Mepis C ad&@ ud C k &&mu) dmhated the flora of Lake Superior. The digotrophic nature of 
the lake was indicated by the presm# al species d the genus C-. Foged (1954) and Schelske a d. 
(1972) also noted the dominating role of the diatoms, and espedally species of the genus Cysloulla, at both 
nearshore and mid-lake stations. 

6.3.2 Communily Composition 

Liston a d. (1981, 1983 and 1986) ham concluded that diatoms dominate the macrophytoplankton of the 
river, and that the species present art indicative of digotrophic waters similar to those reported for Lake 
Superior by Holland (1%5), Scbelske a d. (1972), Fddt a d. (1973). Vollcnweider a d. (1974) and 
Munawar and Munawar (1978). 

The 14 most common diatoms reported by Liston a d. (1986) from a listing of 72 are shown in Table 6.11. 
Most an planktonic, with Achnanrhcr  mi&^ being the only benthic algae listed in Table 6.11. Many 
other species, identified but not included in Table 6.11, haw a benthic affinity. As explained by Duffy er d. 
(1987). the benthic forms are apparently dislodged from the river bed and incorporated into the planktonic 
component by currents. "Such a mix of typically planktonic species arith those that are benthic in habitat was 
also observed by Kreis a d. (1W) in the plume of the St Marys R i m  in Lake Huron. Benthic populations 
comprised as much as 40% of the total algal assemblage in tams of cell volume, while the remainder wcre 
truly planktonic in ~ ~ ~ ~ r r e z l c t . "  (Duffy a d, 1987). 

Table 6.1 1 The most common diatoms found in the Lake Nidet  reach of the St  Marys River during 
1982 (Listen a d, 1986). 



The OMOE's 1965 to 1982 monitoring program at Gros Cap and the old Sault Ste. Marie, Ontario power 
dam intake identified 178 tax& with green algae (Chlorophyte) and diatoms (Badllariophyceae) dominating 
at 34% and 25% r+spectively, followed by the chrysophytes (Chrysophyceae) at 21% and blue greens 
(Cyanophpae) at 11 96 (Hopkins 1986). The remaining 9% was comprised of dinoflagellates 
(Dinophyxae), cryptophytcs (Cryptophpae) and euglenoids (Euglenophyccae). These results are very 
similar to those of Munawar and Munawar (1978) for the open waters of Lake Superior in 1973: 31% for 
diatoms, 22% for greens, 20% for chrysophytes and 12% for blue-greens. 

The diatoms Frag%rria aruoncnris, Tabellaria pnesom4, Anen'onella m a ,  Cercnoneis spp., Rhizosdenia 
enMends, C)cl& sp., Sle@undsc~c~ sp., and Spdm sp. were most noticeable during the spring and 
summer periods (Hopkins 1986). 

The following comments relate to the ecological requirements of a number of the above-noted speaes. 

Veal and Michalski (1971) and Stoermer (1968) concluded that TubeUatia pneStmro, has a preferenu for a 
nutrientpor regime and was an important component of the spring flora in Midland Bay, Hog Bay and 
Sturgeon Bay, but was virtually absent from Penetang Bay. the most nutrient rich of the four bays. The 
relative abundance of Tabellaria fcnestrata outside the thermal bar of Lake Michigan was believed to be 
related to lower nutrient conditions characteristic of off-shore waters (Stoermer 1%8). Considering that this 
species was either the most abundant or second most abundant diatom at all times of the year in the 
St. Marys River from 1959-1%1, together with the OMOE's findings and the above comments on ecological 
requirements, one can infer that nutritional characteristics have been relatively consistent in eastern Lake 
Superior and in the St Mary River over the past 30 yeas. 

Numerous investigators including Rodhe et al. (1958). Nalewa&o (1962). Hutchinson (1957). Vollenwcider 
and Saraceni (1%4), Stockner and Bensen (1%7) and Michalskj a al., (1973) assodate Fmgilaria votonensis 
with eutrophic conditions. However, Stoerrner and Yang (1970) indicate this speaes may tolerate a wide 
range of uophic levels. As noted above, Fm@aria crotonenris was an important component of the flora in 
eastern Lakt Superior and the St. Marys River. Rhiwsdania enenris, a small, transparent diatom, is 
frequently associated with oligotrophic waters. For example, Pumam and Olsen (1%1) considered it to be an 
important component of the flora of Lake Superior, and Hohn (1%9) descri,bed its long-term dedine in the 
Bass Islands area of Lake Erie, presumably as a result of eutrophication. Significantly, RhiuxFdenia etiensis 
was frequently encountered in the OMOE's two monitoring programs. 

A good deal of conpcture prevails with respect to the ecological niche for Asterionella fimtosa; it has been 
associated with eutrophic and mesomphic conditions (Pennington 1943 and Patrick and Reirner 1%6). On 
the other hand, Rawson (1956) reported that AsteJionella #mmsa is a characteristically oligotrophic organism 
in large North American lakes. Stoermer and Yang (1970) suggest that Arten'onella firmma occupies a 
broad ecological niche, and that it may include a large number of sub-species and physiological strains which 
are not morphologically distinguishable. The OMOE's long-term monitoring programs indicate that this 
species is common to the waters of eastern Lake Superior and the St. Marys River, especially during the 
spring season. 

The conspicuous absence of the diatoms Fm@aria capcim and Melosim pnulato (species assodated with 
eutrophic waters) from eastern Lake Superior and the St. Mary River, confirms the oligotrophic character of 
open waters in the Ad=. However, certain localized areas can occasionally have elewted nutrient 
concentrations. In combination with slower currents and a longer residence time, these waters may contain 
different phytoplankton speaes than open waters of the river. 

The most important blue-green speaes in the St. Marys River, mainly of the genera Aplclmthece and 
Chmocorcus) are typically found in the flora of unenriched lakes of Precambrian origin (Michalski 1971, 
Schindler and Nighswander 1970, Schindler and Holmgren 1971, and Michalski a al., 1973). Significantly, the 
blue-green algae Apfraniwmenon 10s-aquae and A n a b a e ~  10s-aquae, which are common to highly enriched 



waters, were rarely encountered in the St. Marys River and Gros Cap phytoplankton assemblages, again 
emphasizing the oligotrophic nature of Lake Superior. 

Scenedamus sp. was the most numerous and consistently-occurring green algae, with low numbers Oocystk sp. 
appearing during the summer. Hutchinson (1957) included the latter species in his "oligotrophic chlorococcal 
planIctonm classification. 

Dinobryon sp., the most abundant dinoflagellate, reaches peak numbers during the late summer and early fall. 

6.3.3 Standing Stocks 

A seasonal, bimodal pattern of plankton development in larger lakes has been welldocumented by Chandler 
(1940, 1942 and 1944), Davis (1954 and 1962) and P d  (1946). Lake Ontario and portions of Lake Erie 
where the vernal and autumnal pulses occurred during April andlor May and in late August or early September 
respectively, perrks for Gros Cap usually developed later in July and August for the spring pulse, and in late 
October and November for the fall maximum. This delayed development is probably temperaturedependent 
and relates to the slow warming and cooling nature of Lake Superior. The bimodal pattern was not as clearly 
defined at the St. Marys River site as at Gros Cap, owing to short-term peaks which tend to obscure a definite 
pattern. Davis (1964). Michalski (1968) and Michalski a al. (1973) suggested that an increase in the intensity 
and duration of the spring and fall phytoplankton maxima reflected conditions of accelerated eutrophication. 
Such an increase was not observed at Gros Cap, again suggestive of the oligotrophc nature of Lake Superior. 
The St. Marys River short-term peaks are likely related to local environmental factors for example, influences 
of local currents and warming associated with a river system. 

Since 1965, the OMOE has been analyzing phytoplankton samples collected from Sault Ste. Marie, Ontario 
municipal water intake. At the beginning of the monitoring program, the intake was located in the wall of the 
power canal in the St. Marys River. The main purpose of the monitoring program, implemented at many 
municipalities throughout the Great Lakes Basin, is to determine the effectiveness of various nutrient abatement 
measures on the near-shore enrichment. In 1985, the city moved its intake location to Gros Cap. Of the three 
intakes in the power canal, only one continues to be used by the city for its fish hatchery operation. 

Between 1965 and 1982, the mean standing stock (cell volume) of phytoplankton at the Sault Ste. Marie water 
intake location was 103 Areal Standard Units per MI (A.S.U.lmL) or 0.332 mm3/L (Table 6.12). and no 
significant year-to-year change was evident over the 18 years (Hopkins 1986). Samples collected immediately 
off Gros Cap between 1965 and 1973 for the purpose of locating a new intake pipe were characterized by 
similar results, with a nine year mean of 116 A.S.U./mL (Michalski 1975). Long-term standing stock data 
from a number of municipal water supply intakes in Table 6.13, confirms the oligotrophic nature of Lake 
Superior and the St. Marys h v e r  (Hopkins 1986). 

6.3.4 Effects of Contaminants 

Bioassays conducted with indigenous phytoplankton in Munuscong Lake revealed a significant enhancement of 
ultra-, micro-, and macro-phytoplankton productivity during sediment resuspension resulting from the passage of 
a large vessel (Munawar and Munawar 1978). This suggests the absence of pronounced sediment-bound toxicity 
in the lower river, but not necessarily in the upper river where sediments are more contaminated (see Section 
6.2). Excessive amounts of algae have been observed in embayments and other slow-moving areas of the river. 
During the summer of 1990, OMOE received a number of citizens complaints regarding floating algae on the 

river downstream of the East End WPCP. 
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i Table 6.12 Summary of phytoplankton data collected from the Sault Ste. Marie, Ontario water intake in 

the St. Mary River and from a sampling site offshore of Gros Cap, Lake Superior. All 
values are expressed as Areal Standard Units (AS.U.) per mL. (One AS.U. is qual to an 
area subtended by 0.003 rnm3/~) (Hopkins 1986, Michalski 1975). 

Year 

Overall mean 

Sault Ste. Marie' 
-- 

Maximum Mean Number of 
Samples - 

11 
13 
23 
21 
26 
24 
21 
19 
18 
13 
10 
17 
16 
13 
8 

13 
15 
22 

Maximum 

Gros C ~ P '  

Mean Number of 
Samples 

12 
8 

23 
15 
24 
22 
24 
20 
14 

6.3.5 Summary 

Long-term monitoring of phytoplankton stocks in near shore waters of Lake Superior and in the upper 
reaches of the St. Marys River revealed low algal densities characteristic of oligotrophic waters. As well. the 
composition of the species assemblages was oiigotrophic in character. However, certain localized areas can 
have nutrient concentrations resulting in different phytoplankton species than wuld be found in open waters 
of the river (see Section 6.1.2.7). The low productivity of the AoC was emphasized by comparing data on its 
phytoplankton composition with corresponding information from other sites on the Great Lakes. Of note is 
that species characteristic of nutrient-rich waters were conspicuously absent from the upper St. Marys River. 
Little is presently know about the effects of contaminants on phytoplankton numbers or productivity. 

6.4 AQUATIC MACROPHYTES 

The term 'aquatic macropytes' refers to macroscopic forms of aquatic vegetation and includes macroalgae 
(e.g. Qlam, Uado/hora), aquatic mosses and ferns, and aquatic angiosperms (flowering plants bearing seeds 
in a closed capsule). 



Table 6.13 Summary of phytoplankton data from various Ontario Great Lakes water supply intakes (Hopkins 
1986). All results are in Areal Standard Units (A.s.U.)/rn~. 

Thvdcr  Bay 

Thurder Bay 

Sault Ste. Marie 

Sault Ste. Marie 

Godcrich 

Grand Bend 

Sarnia 

K ingsv i l l e  

Union (1983) 

Uheatly 

D m v i  l l e  (1983) 

Port Dover 

South Peel 

Coburg 

Brockvi l l e  

Lake Superior 

Lake Supcrior 

Lake Superior 

S t .  Marys River 

Lake Huron 

Lake Huron 

Lake Huron 

Western Besin, Lake E r i e  

Uestern Basin, Lake E r i e  

Central Basin, Lake E r i e  

Eastern Basin, Lake E r i e  

Eastern Basin, Lake E r i e  

Lake Ontario 

Lake Ontario 

St. Laurence River 

1972-1974 and 1978-1984 

19TP-1984 

1965-1973 

1965- 1982 

1964-1974 

1966-1974 

1966- 1970 

1966-1967 

1967- 1984 

1966-1967 

1969- 1984 

1966-1967 

1970- 1984 

1966- 1967 

1965- 1967 

01 igotrophic 

Ol igotrophic 

Ol igotrophic 

Ol igotrophic 

Mesotrophic 

Mesotrophic 

nesotrophic 

Eutrophic 

Eutrophic 

Mesotrophic 

Mesotrophic 

Mesotrophic 

Ol igotrophic 

Mesotrophic 

Mesotrophic 

Hopkins (19116) 

Hopkina (1986) 

Michalrki  (1975) 

Hopkina (1966) 

M ichdsk i  (1975) 

Michatski (1975) 

Michalski (1968) 

Michalrki  (1968) 

Hopkirr, 

Michalski (1968) 

Hopkina 

Mlchalskl ( 1 W )  

nopkins (1983) 

Michalski (1968) 

Michalski (1968) 

Brockv i l l e  (1981) S t .  Laurence River 1967- 1984 383 Mesotrophic Michalski 





6.4.1 Emergent Macrophytes 

Emergent vegetation tends to occur along stretches of unoccupied shoreline along the St. Ma* River and 
where sediments consist of clay mixtd with variable fractions of sand and silt. Such stands are also 
particularly well-developed where wind and waves are not a prominent feature of the shoreline environment 

6.40). It is not uncommon for stands of emergent plants to extend uninterrupted along protected 
shores for distances d 3 km to 5 km. For ugmple a tract of wnergents extends 12 km northwards from the 
Charlotte River. 

Some 42 species of emergent and submersed plants have been identified (Appadix 64, with biomass 
dominated by three anergent species: S d r p  acuw (hard stun bulrush), Sewn e q a r p m  (burr 
reed). and EIeochds smallii (spike rush), with submersed species occuning as diffuse understories of low 
biomass @uffy a al., 1987). 

The production and maintenance of emergent maaophytts results from vegetative and clonal growth, 
typically resulting in monotypic stands. These stands haw been a relatively permanent feature of undisturbed 
shorelines for at least 30 years (Duffy et d., 1987). Of interest is that Phragmizes aumalis (common reed) 
and Ty&a loa'plia (common cattail), species which are aggressive and well-established elsewhere in the 
Great Lakes, are evident only in small stands in drier, shoreward portions of St. Marys River macrophyte 
beds. 

The rootstocks of the three dominant species are present in the substratum year-round. However, the onset 
of ice-out, warmer temperatures, and increased light during spring results in the generation and rapid growth 
of new shoots in June and July, followed by rootstocks in August and September. Table 6.14 provides 
estimates of emergent plant biomass at maturity in the fall, and the distribution of biomass between shoots 
and rootstocks. The annual cycle of growth coupled with the persistent nature of the rootstocks helps to 
protect the nemhore sediments from erosion (Duffy a al., 1987). 

6.4.2 Submersed Macrophytes 

Upstream of the fork of the St. Marys River at Mission Point, and through Lake Nicolet and its downstream 
reaches, submersed macrophytes spread as meadows of lowgrowing plants at depths of 2 m to 16 m. They 
usually occur in broad areas of undeveloped shoreline that are well-protected from wind and wave action, 
and have siltyclay to sandyclay substrates and good water clarity (Liston et d., 1986 and Duffy er al.. 1987). 
However, there is virtually no information on submersed macrophytes in Lake George (Liston el d., 1983). 
Of the 22 species reported for the river, biomass is dominated by the macroalgae Chara $obulcuis and Nitella 
J e d k  (both charophyles) and the macrophyte Isoetes ripuia (quillwort). 

According to Duffy et al. (1987). the submersed macrophytes tend to carpet sediments from the edges of the 
navigation channel shorewards. The shoreward depth limit of submersed macrophytes is about 2 m. At this 
depth and greater. the plants are not obvious to the casual observer. More impressive are the scattered 
clusters of the pondweed, Po&arno@ton richcudronii, which rise to the surface of the water from as deep as 
2.5 m. According to Duffy a al. (1987'). "...Stands of Isoeres ripan'a are virtually monotypic in distribution and 
are never the deepest stands occurring on a site occupied by submersed plants. Beds of Isoetes ripvia are 
confined to depth contours of 2 m to 35 m. Nitella J& occupies the deepest portions of submersed 
wetlands on suitable sites along the river. Monotypic stands of this species extend to depths of 16 m at the 
head of the river (Duffy er al., 1987) and 3 m in the reach below Munuxong Lake (Liston et d., 1986). 
Stands of Chrua $obularis occur in more shallow water than stands of Nitella J& in reaches of the river 
where they both occur... Eleuchcuis acicularis (needle rush) and Myio@Nurn tenellurn (water milfoil) are 
common in these submergent meadows. They are very small plants and contribute tittle to biomass. In the 
St. Marys River, the common species of submersed macrophytes are typical of nutrient-poor rather than 
nutrient-rich environments." 



-. 

1 Table 6.14 Biomass in monotypic stands of dominant emergent plants in the St. Marys River at times 
of peak standing (SeptemberOctober) @&y al, 1987). 

Low Density 

'Liton et al. (1986) distinguished three densities by assessment of aerial photographs and ground-truth 
measurements of shoots/m2 and leaf area/m2. 
AFDW - Ash-free dry weight. 

The boundaries, speaes composition and biomass of the submersed macrophyte beds have remained stable 
owing to the perennial nature of the dominant species. Biomass of lsoetes ripvia, one of the dominant 
species, is relatively constant throughout the growing season of May to September, owing largely to in situ 
mineralization of the overwintering biomass which occurs as the new shoots develop puffy ef d., 1987). As 
reported in Liston ef ul. (1986). submersed plants sampled in the river had a mean peak biomass in the range 
of 10 g ash-free dry weight (AFDW)/m2 to 70 g A F D W / ~ ~ ,  with a mean for all samples between 1979 and 
1983 of approximately 36 g AFDw/m2. This range and mean of seasonal maximum biomass is low relative 
to that of more fertile lakes and streams which would be in the range of 200 g ~ ~ I 3 w l n - i ~  to 500 g 
AFD w1m2 (Wetzel 1983). 

6.4.3 Primary Production and Nutrient Cycling 

Liston er ul. (1986) compared the net primary production of phytoplankton, submersed macrophytes and 
emergent macrophytes in the St Marys River. They found that this biomass production was concentrated 
along edges of the river in emergent macrophyte beds and along the bottom in submersed plant communities 
(Table 6.15) (Duff! et d., 1987). Kauss (1991) summarized important features of nutrient cyding in the 
St. Marys River, explaining that 

"...there is a tight cycling of nutrients in macrophyte beds, because dead shoot material is rapidly 
mineralized in spring and partially utilized by new growth puffy a d., 1987). Nevertheless, there is 
some loss of detritus and, to a minor degree, living material to both offshore and downstream areas 
of the river during ice-out and as a result of wave action. Drifting plant detritus in littoral waters 
was greater at Frechette Point j s t  downstream of Sault Ste. Marie, Michigan at the inlet to Lake 
Nicolet than at the head of the river near Whitefish Bay or in the lower reaches of the river (Poe 
and Edsall 1982 and Jude et d., 1986). and was lower in late winter than in spring. This biomass 
drift 6.41) may constitute an important mechanism for the redistribution of nutrients as well 
as any incorporated or adsorbed contaminants. both within and out of the system (Manny a ul., 
1990). 



Aithough some of the nutrients released during the decomposition of plant litter are reqded into 
new plant biomass, much of the remainder supports secondary production of zooplankton and 
benthic macroinvcrtcbrates. For example, benthic macroinmtebrate increases observtd in emergent 
macrophytc beds occur during the pulses of macrophyte decay in early spring and of periphyton 
production in late summer. In contrast, the maximum biomass of moplankton coincides with peaks 
in water temperature and phytoplankton availability (Duffy er d., 1987)." 

Table 6.15 Annual net primary production in the Lake Nicolet reach of the St Marys River 
puffy & 1987). 

Community Type Hectares 
Occupied 

Phytoplankton 3 9 8  
I 

Submersed rnacrophytes* 1 2,100 
I 

Emergent macrophytes 

Periphyton 

Productivity 1 

Notes: AFDW-Ash-free dry weight 
Periphyton of submersed macrophytes not included. 

6.4.4 Loss of Aquatic Macrophyte Beds 

No quantitative information is available on macrophyte losses throughout the AoC. However, there is no 
question that there have been considerable losses of aquatic vegetation over the ytars due to the construction 
of locks, canals, compensating works, hydro facilities, and shoreline dredging and filling. 

6.4.5 Effects of Contaminants 

There is no specific information on the effects of contaminants on macrophytes and macroalgae in the 
St. Marys River. 

6.4.6 Summary 

Some 42 species of submersed and emergent vegetation have been identified in the St. Marys River AoC. 
Submersed macrophytes exist as meadows or beds of low growing plants at depths of 2 m to 16 m, in areas 
of the river which have siltyclay or sandyclay substrate and good water clarity. The species composition, 
and biomass of these submersed plants have remained stable due to the perennial nature of the dominant 
species. Biomass is relatively constant throughout the growing season, owing mainly to the in siuc 
mineralization of the over-wintering material which occurs as the new shoots develop. 

Extensive stands of emergent vegetation occur along unmodified shoreline reaches, particularly those well- 
protected from wind and wave action. Stands are relatively permanent (30 years and more) owing to their 
vegetative and clonal growth habitat. 
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Despite the large water area inhabited by phytoplankton, submened and emergent maaophytes are the most 
pr0du~tive per unit area Further, the shoots and rootstack of emergent macrophytes compose the majority 
of the maaophyte biomass. 

Ovtr the years, some aquatic wetation has been lost in the Ad= by the construction of locks, canals, 
colmptnsaling wrk, h y h  facilities, and shoreline dredging and filling. The extent of this loss is not known 

6.5 ZOOPLANKTON 

6.5.1 Background 

Zooplankton are important in the aquatic food web because they concentrate energy from phytoplankton 
biomass into larger particles which are a d a b l e  to M and other planktivorous feeders. Also, they may 
form an important link between phytoplankton and plant detritus (see Section 6.43). Despite this, little 
information is a d a b l e  on zooplankton communities in the St. Marys River. 

6.5.2 Community Composition 

Selgeby (1975) identified approximately 50 species of tooplankton in waters that empty into the river from 
Whitefish Bay (Appendix 6.6). of which 9 copepods and 3 dadocerans were dominant Calanoid copepods 
accounted for 48% of the total number, c)clopoid copepods 3W0, and dadocerans the remaining 13%. The 
winter community consists primarily of adult stages of napomus sic&, D. ashlandi, Limnocalonur macnvur. 
immature copepods and Cydopr bicusjidatus tho- Figure 6.42). During summer. immature calanoids. 
adult C. bicus@atus rhomasi and cladocerans dominate the open waters of the river puffy et ul., 1987). 

Thomas and Liston (1985) reported a similar summer community for the lower river, but much less 
abundant However, as explained by Duffy et ul. (1987). '...Thomas and Liston (1985) utilized a net with 
351 pn mesh openings, which wuld be expected to capture only adult stages or larger individuals, whereas 
Selgeby (1975) sampled with a 120 rn mesh net' The larger mesh opening would also be expected to shift 
the observed composition to larger species. 

Figure 6.43 shows that the zooplankton of emergent wetlands are almost entirely Cladocera, whereas the 
pelagic or  open-water community is dominated by Cyclopoida and Calanoida. "...Fwthermore, the maximum 
density of zooplankton within emergent wetlands is more than an order of magnitude greater than the 
maximum densities found in open water. The most abundant species within wetlands were Chykms 
s-us and Acroperur h a r p ,  which are both quite small. Common species which are larger and 
probably more important with respect to standing stock biomass included Mac11x:~op albidis, Ewycmus 
larnellrru, and Sida cr)atal l i~ as well as Ostracoda. Of the 29 species of zooplankton found in emergent 
wetland by Duffy (1985). nine were considered rare" @ufQ a al., 1987). 

6.5.3 Effects of Contaminants 

No investigations have been undertaken to determine contaminant levels in zooplankton, or whether 
assemblages are being adversely affected within the Ad=. 

6.5.4 Summary 

Zooplankton communities throughout the open waters of the S t  Marys River appear to be similar, their 
numbers being dominated by nine copepods and three dadocerans. In contrast, numbers of zooplankton in 
the more protected emergent wetlands is more than an order of magnitude greater than maximum densities 
found in open waters. There is a lack of information on the potential impact of contaminants on the 
moplankton community. 
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Figure 6.43 
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6.6 BENTHIC INVERTEBRATES 

6.6.1 Background 

The bottom-dwelling invertebrates which comprise the benthic macrofauna are those animals which burrow 
in. cling to, or craw3 cmr the river bottom. Because of their sedentary nature, they respond to a bmad range 
of short and long-term environmental changes. Accordingly, investigations on the distribution and abundance 
of benthic organisms yield valuable information about the environment which they inhabit. For example, a 
clean-arater community characteristically has a high divcntrsity of different species including pollution-tolerant 
forms, and has a well-balanced population not dominated by one mapr group, and a moderate number of 
organisms. Organicallyenriched environments characteristically have a low diversity dominated by pollution- 
tolerant species. Some insect larvae, notably certain species of midges (Chironomidue) and segmented 
wrms (Tubifcidoc)). often reach their greatest n u m b  in organically enriched sediments. For example, 
Wright and Tidd (1933) in their classic study of Western Lake Erie, regarded tubificid populations of greater 
than 5,000/m2 as indicative of heavy organic enrichment An environment subjected to a toxic pollutant is 
characterized by the absence of aquatic life, or very low numbers of the most pollution-tolerant organisms. 

Benthic invertebrates are separated by their size into macro-, meio-, and microbenthos. Macroinvertebrates 
are those which are retained by sieves having screen openings of 250 pn to 500 pn. Meiobenthic species are 
retained by sieves in the 62 F to 250 pn range, and microbenthos are those invertebrates which pass 
through sieves with 62 pn or smaller openings. Little quantitative data exist for the meio- and microbenthos 
in the St. Marys River however, nematodes, ostracods, and H y h  sp. are likely the most abundant 
components of these trvo groups puffy 1985, Duffy er d., 1987 and Burt et d., 1988). Other meiobenthos 
include cyclopoid and harpactacoid copepods, cladocerans, tardigrades, and Nemertinea (Hiltunen 1979. Poe 
et d., 1980 and Duffy 1985). 

6.6.2 CommunQ Composition 

Due to ease of sampling, considerable information is amilable on benthic macroinvertebrates, in contrast to 
the micro- and meiobenthos. As pointed out by Edsall et d. (1988), nearly 30 years separate the first 
published study on St. Marys River benthos (Goodrich and Van der Schalie, 1939) from the second (Veal. 
1968). and most of the published information (Hamdy el d., 1978, Hiltunen 1979, Poe et al., 1980, Liston et 

d., 1980 and 1986, Poe and Edsall 1982, Liston et d., 1983 and 1986, Hiltunen and Schloesser 1983, 
Koshinsky and Edwards 1983, McKee a al., 1984, Duffy 1985, Duffy et al.; 1987, Persaud er d., 1987, and 
Burt et al., 1988) has been produced in the last ten years. However, comparisons are difficult, since the use 
of sieves of different size mesh openings can show shifts in species composition and abundance owing to 
different retention of smaller organisms (Nalepa and Robertson, 1981). Apparent changes in species 
composition or abundance can occur if sampling occurs at different times of the year in different surveys. As 
well, sampling stations have been either increased, decreased, or shifted in location depending on the 
objectives of the investigation. Other potential problems of data comparison include differences in sampling 
gear (airlift sampler versus a Ponar grab) and sorting efficiency (Burt el d., 1988). 

The St. Marys River community is diverse, with 303 individual taxa identified (Appendix 6.7). Community 
composition is influenced mainly by substrate, depth, water temperature, currents and wave action, the 
presence and density of aquatic vegetation, and in certain areas, point source pollution (Duffy et d., 1987 and 
Burt et d., 1988). Duffy el d. (1987) recognized four distinct habitats: soft substrates, emergent 
macrophytes, rapids, and the shipping channel. Chironomids and oligochaetes are numerically abundant in 
all habitats, consisting of 60% to 90% of the benthos at a given site (Edwards el d., 1989). However, 
Ephemeroptera, particularly the burrowing mayflies, Hemgenia lirnbafa and E#zemera simdanr. (the former 
an indicator of mesotrophic conditions), and Trichoptera (caddisflies) are also important in some habitats 
(Table 6.16). 



Table 6.16 Benthic macroinurtebrates characteristic (occuning at >SO% of stations) of different 
habitats in the St Marys River puffy a ul., 1987). 

I Colmptcra 
Donacia sp. 

midiwn sp. 

Hal 

soft 

tat 

Shippin 
~hannef 

Rapids 



The zebra mussel, W s e n a  p l ) m o r ~ 3 ~  (@as), disoovcred in June, 1988 in Lake S t  Clair. Due to the 
potential impact on aquatic systems and the ability for widespread distribution. the zebra mussel has become 
a focus of study in the Great Lakes Basin. The 1990 distribution of zebra mussels ranged from the southern 
areas of Lake Ontario to the head of the S t  Clair River (Griffiths et d., 1991). Isolated populations have 
been observed in Lake Michigan, Saginaw Bay, and Port Elgin on Lake Huron (Kraft 1990). To date there 
haw been no reportr of zebra mussels in the St Mary Riwr. 

6.6.2.1 Soft Substrate Benthos 

The benthic invertebrate community of soft sediments is dominated both numerically and in terms of 
taxonomic diversity by chironomid larvae and oligochaetes. Of the chironomids, Lmsia sp. is ubiquitous with 
another 7 genera being common in two or more parts of the river (Table 6.16). Chironomids make up the 
greatest proportion of the total benthic community near the head of the river, but they are most abundant 
numerically in the middle reaches of the river (Table 6.17). In contrast, oligochaetes generally are found in 
progressively larger proportions from the upper to the lower river (Table 6.17). However, organic 
enrichment in the upper river near Sault Ste. Marie, Ontario resulted in large populations of certain organic 
pollution-tolerant species of oligochaetes such as Limnddus homeismi. In addition to Chironomidae and 
Oligochaeta, other taxa such as Ephemeroptera, Amphipoda, and Molluscs, are common or abundant and 
contribute substantially to the numbers (Table 6.17). 

Because of their central role in trophic interactions, Ephemeroptera may be the most important group of 
benthic invertebrates in the S t  Maqs  River puffy  et d., 1987). Seventeen speaes or genera have been 
collected from the river. Nymphs of two mayfly speaes, Hemgnia limbata and E#aemera sitnulam, are 
particularly abundant in areas of soft substrate. Nymphs of both speaes grow quite large relative to most 
aquatic invertebrates and, with the more abundant Hemgenia limbau having a 2-ytar life m e  and ranging 
in sire from 1 to 30 mrn in the St. M a q s  River, can represent a considerable proportion of the standing 
stock or biomass (Liston ef d., 1983, Schloesser and Hiltunen 1985). Throughout its range, Hmgenia 
l i m b u  is most abundant in depositional environments where fine sediments predominate. while speaes of 
Ephemem are reported to prefer substrates of slightly coarser sediments (Hunt 1953, Erickson 1968). The 
distribution of both species of mayflies in the St. Marys River generally supports these observations. 
Hemgnia limbufa is most abundant in parts of Lakes George and Nicolet and in the lower river where fine 
sediments occur, while Ephernem simulans is more common in the coarser sediments of Lake Nicolet and 
the upper river (Hiltunen 1979. Liston et al., 1983 and 1986). Tricoptera are almost never numerically 
abundant, but are one of the most taxonomically diverse benthic groups in the St. Marys River. 

6.6.2.2 Emergent Macrophytes Benthos 

The benthic macroinvertebrate community of emergent macrophytes is also taxonomically diverse: of the 171 
taxa recorded from this habitat, 118 are aquatic insects. In term of numbers, chironomids and oligochaetes 
dominate the community puffy  ef af.. 1987). just as they do in soft-bottom habitats. Oligochaetes represent 
a greater proportion of the total fauna in the southern portion of the river than in the middle or upper river. 
Also, there are several taxa which are dependent on and occur only or primarily in this habitat. For 
example, "..Jarvae of the beetle Donacia sp. are phytophagous (plant-eating), and develop within the stems of 
the emergent macrophyte Sprpniwn euryxrprn. While less common. larvae of the moth Belluia sp. have 
similar habitat requirements, but develop in Scirps sp. stems. The mayfly SipVoflecmn sp. occurs along the 
wetland face. It is an active swimmer about which little is known since it is infrequently captured by 
conventional benthic sampling techniques. Many of the Hernipem and certain species of Odonata are 
restricted to more dense stands of macrophytes" puf fy  a al., 1987). 



Table 6.17 Average number of benthic macroinvcrtebrates/m2 and percent of the total represented by 
major tam,nomic groups collected from offshore stations in the St. Marys River during 1983 
Puffy e: d, 1987). 

Oligochaeta 
Polychaeta 
Amphipoda 
hpoda. 
Ceratopogonidae 
c h i m d a e  
Ephaneroptera 
Trichoptera 
Gastropods 
Pelecypoda 
Other 

Average number lm2 ( 9,879 

MNC 

Location 

NML 1 SML PAF RB 

41 35 
1 4 
3 2 
< 1 0 
1 0 

44 48 
6 6 
< 1 < 1 
< 1 < 1 
2 2 
2 1 

Initials correspond to the following areas of the river. IWB - Izaac Walton Bay (Mosquito Bay) 
LN - Lake Nicolet 
MNC - Middle Neebish Channel 
NML - North Munuscong Lake 
SML - South Munuscong Lake 
PAF - Pointe a w  Frenes 
RE - Raber Bay 

6.6.2.3 Rapids Benthos 

The benthic maaoinvertebrate community of the St. Mary Rapids and Lake Nicolet Rapids is typical of 
those found elsewhere in rapids or rocky streams (Koshinsky and Edwards 1983, Duffy et d., 1987). but 
differs substantially from communities found in other portions of the river puffy a d., 1987). Trichoptera 
larvae, particularly tvm genera of netspinning caddisflies of the family Hjdropsychidae ( H y h p y h e  bif& 
and Cheumaop)che sp.), are more abundant in the rapids than elsearhere in the river. A study was 
performed in November of 1973 on the benthic organisms of the dewatered area in the Ontario section of 
the rapids. In the St. Marys Rapids, H)rtop)che bijda is the predominant taxon, comprising about 80% of 
the Hyfmpychidae (Koshinsky and Edwards 1983). In the Lake Nicolet Rapids, C h e w p r ) c h e  sp. are 
predominant and comprise 95% of the Hjdropsyhidae puffy ef d., 1987). Koshinsky and Edwards (1983) 
attributed the preponderance of Hyhpr)che bi/& in the St. Marys Rapids to its affinity for faster flowing 
water. Cheumatop~~he sp. are known to inhabit slower flowing and warmer water than Hyimpryche sp. 
(Wiggins 1979). These observations are consistent with the distribution of these tw taw in the St. Ma* 
River puffy a al., 1987). 

6.6.2.4 Shipping Channel Benthos 

The navigation channels in the St. Marys River do not provide good habitat for benthic invertebrates (Duffy 
er d., 1987, Liston a d., 1980 and 1986). Vessel-induced turbulence .and the removal of soft substrates by 
dredging are probably responsible for the impoverished communities. Only OLigochaeta and Chironomidae 
are common, and both divtrsity and density are much lower in the shipping channels than in all other 
habitats. The only exception is at the Jmction of the Middle Neebish Channel and Munuscong Lake and in 



the southern portion of the river below Munuscong Lake where depositional materials tend to settle out. 
Here, the polychaete worm Manapmkia speciara and oligochaetes are sometimes abundant. 

6.6.3 Benthic Production 

Estimates of benthic macroinvertebrate production for several areas of the St. Marys Rivtr are quite similar 
between habitats on a per unit area basis (Liston ef d., 1983, Duffy 1985 and Duffy ef d., 1987). In soft- 
bottomed offshore areas of Lake George, Hemgenia limbma and fingernail clams (Sphaeriidae) contribute 
over half of the annual production, while in Lakt N~colet, mmt of the total production is contributed by 
chironomids, oligochaetts and the amphipod H@& OlteCa (Table 6.18). On an areal basis, annual benthic 
invertebrate production is greater in soft-bottom areas than in emergent macrophytcs or rapids areas of the 
river (Duffy d al., 1987). 

Table 6.18 Estimated benthic macroinvertebrate production (mg dry weight/m2/year) in the emergent- 
littoral zone and the 3 m depth conto& of Lakes George and Nicolet and in the Lake 
Mcolet Rapids (Duffy et d.; 1987). 

- 

Ephuneropttra 
Arneleu sp. 
Glenis sp. 
Eplemem simulianr 
E/hemerella sp. 
Hemgenia limbata 
Lepojhlebia sp. 
Stenonema m'purctotum 

Trichoptcra 
Cemclea sp. 
Cheumops)che sp. 
Grammotaulus sp. 
Phypnea sp. 
Ph&xempcs sp. 
P d y e m p c s  sp. 
Tr iades  sp. 
Other Trichoptera 

Hemiptera 
S i n p  c o w  

Ondonata 
Aeshna canadensis 
An'gorne sp. 
E n a l l a p  bornale 
k t e s  d i s j m u  
Libellula sp. 

Rapids 

3.770 
2,270 

Lake Nicolet 

Littoral Offshore 

80 
774 
69 

762 
26 

Lake ( 

Littoral 

1 66 
1,284 

11 
43 
95 

222 

large 

Offshore 

132 
1 99 

6,206 
181 



Table 6.18 (Cont'd) 

Chironornidae: 
Abl&sm)ia sp. 
Crypochironomw sp. 
Lmsia sp. 
Pmm0n)tmslIs sp. 
Pdypedilwn sp. 
hcladi11~ sp. 
AecOOdadius sp. 
Sticlac~nomccs sp. 

Simulidae 

Totals: 

Lake Nicolet 

Off shore Littoral 

aorge 

Offshore 

6.6.4 Effects of Contaminants 

The benthic macroinvertebrates on the Michigan (Sault Ste.Marie) side of the AoC are generally indicative 
of clean water conditions. However, adjacent to and downstream from Sault Ste. Marie, Ontario, discharges 
of organic and inorganic contaminants have significantly altered the benthic invertebrate community structure 
of soft-bottom areas. Sumys in 1%8 and 1973 demonstrated zones of severe impairment from pulp and 
paper. steel mill and municipal WPCP discharges (Figure 6.44). Sediments along the Sault Ste. Marie, 
Ontario side were dominated by oligochaetes such as TubiM tubipx and Limnodrilus hojjheisteri which are 
tolerant of organic pollution. Also, the burrowing mayfly Hemgenia limbufa was virtually absent from these 
areas as far downstream as Lake George, owing to the intolerance of this species to oil contamination. 
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Hamdy a al. (1978) identified zones of severe or strong impairment adjacent to and downstream of the 
Algoma Steel, S t  Marys Paper and Sault Ste. Marie East End WPCP discharges. Results indicated that 
betwcen 1967 and 1974 to 1975, the occurrence of oil in the substrate of the Lake George Channel had 
advanced from 16 kn to 30 hn downstream. The absence or low densities of nymphs generally coincided 
with the presence of visible oil in the sediments (Figure 6.45). In addition, the complete absence of larvae of 
the genus Simulium, the biting black fly was noted. 

In the study conducted by OMOE in 1983 which examined the impact of changing hydrological conditions 
due to reconstruction of the Great Lakes Power Corporation generating station and ongoing pollution 
abatement programs at Algoma Steel, benthic communities were found to be similar to those of 1968 and 
1973 (McKee a d., 1984). Zones of s e m e  or moderate benthic impairment wcre still found adjacent to and 
downstream from the paper and steel mills and WPCP discharges (Figure 6.44). Howtver, the severely 
impacted community characterized by high densities of Trrbi#x tubipX and Limnorlrilur ho@drt& observed 
in 1%8 and 1973 ( F w e  6.44) was less pronounced in 1983, and this zone was confined to an area 
immediately downstream from the Rapids, along the Ontario shoreline. McKee et d. (1984) suggested that 
reduced industrial contaminant loadings appeared to have resulted in the minor improwment There is 
impact owing to transboundary movement of pollutants from Ontario to Michigan waters. figure 6.44 shows 
that in 1968 benthic macroinvertebrates were impaired throughout the Lake George Channel in both Ontario 
and Michigan waters. By 1983, the zones of impairment have been reduced and occur in Michigan waters in 
the Lake George Channel at the entrance to Little Lake George and in the centre of the river downstream 
of the locks 6.44). Figure 6.46 show further reductions in the zones of impairment in 1986, and 
impaired zone in the northern part of Lake George straddles the Canada-US border. 

Because the 1983 survey was less extensive at downstream areas than those of earlier years, with little or no 
sampling in Lake George, Little Lake George or Lake Nicolet, or upstream of Leigh Bay, additional 
sampling was undertaken by the OMOE in 1985 to fill these data gaps. To better distinguish zones of 
impact and sediment effect levels, duster analysis was performed on the 1985 data using various physical, 
chemical, and biological components of the benthic system. Seven major dusters were distinguished based 
on similarities in species composition, from which four zones of pollution impairment were identified 
(Table 6.19 and Figure 6.46). Table 6.19 shows that there is overlap between the zones of impairment 
particularly with visible oil. It should be noted that the presence of visible oil is meaningless with respect to 
the classification unless one knows exactly what kind of oil is present. Details of the impairment zones are 
as folloars: 

Severe: 
This zone was found in the Algoma Slip and in embayments downstream from industrial and municipal 
discharges along the Ontario shoreline. It is characterized by extreme tubifiad dominance, pollution-tolerant 
chironomids, low numbers of taxa and high total densities or communities having either very low total 
densities and low numbers of taxa and/or high densities of nematodes with few other taw. 

Moderate: 
This zone, about 500 m in width, was confined mainly to the Ontario shoreline, and extended 4 krn 
downstream from the industrial and municipal discharges and was also identified in Little Lake George and 
Lake George. Tubiicid dominance, with high densities of nematodes and chironomids tolerant of organic 
enrichment are the major characteristics of this zone. Also, poleaete wrms are absent and numbers of 
taw are reduced, while total densities are high. 

Skht 
Some recovery is evident with increased distance from industrial and municipal discharges; however, 
complete recovery is not evident until lower Lake George. Nematodes and polwaetes dominate with 
moderate densities of tubificids and some non-tolerant groups. 

This zone occurs in the upper reaches of the river and along the Michigan shoreline. Communities tend 
towards chironomid dominance, with several non-tolerant groups such as ephemeropterans and trichopterans, 
with low tubifiad densities, and numbers of tam. 
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Distribution of Hexagenia nymphs and visible oil in the 
St. Marys River sediments in 1975 and 1985 
(Hlunsn a d  Schbs*ter t 5 W  and Burl of rl 1988, impdkby) 

sampling location of Hexagenia nymphs with no visible oil in the substrate 
A sampling location of Hexagenia nymphs with visible oil in the substrate 
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Figure 6 46 

St. Marys River Remedial Action Plan 

Distribution and zones of impairment of benthic macroinvertebrates 
in the St. Marys River in 1985 
(tmm Bun e~ d. 1988) 

1985 zone of Irnprlrrnent 

severe sltght 0 pant source d~scharge locatton 

moderate 0 unimpaired 



Some recovery of the benthic communities was observed with increasing distance downstream of contaminant 
discharges. Nevertheltss, the combined effect of effluent from all upstream sources was still evident in the 
upper, deeper portion of Lake George in 1985 as a zone of moderate impairment (Figure 6.46). Complete 
recovery (unimpaired communities) was not evident until the lower section of Lake George (Burt et al., 
1988). 

6.6.5 Sediment Quality - Benthic Macroinvertebrate Community Relationships 

Burt d al. (1988) derived a bottom faunal community index to examine the sediment quality characteristics of 
St Marys River benthic commdties in 1985. Of the fiu species guilds identified, the dominance index of 
Guild B was the best indicator of toxic contaminants (both metals and pesticides) and was also defined by 
the two most abundant indicator taw (pollution-tolerant nematodes and immature tubiicids without setae, 
most likely Limnodrilur spp.). The best multivariate quation for predicting the dominance of the 
ncmatode/immature hlbificid community from sediment characteristics included significant positive 
contributions from merauy, heptachlor epoxide, clay and total organic carbon. High concentrations of these 
constituents tended to increase the predicted index. The highest index values for this guild occurred in the 
vicinity of the Algoma Slip and the East End WPCP, indicative of severe impact. Zones of moderate impact 
were also apparent in a depositional area downstream of the St. Maqs Rapids on the Ontario side, 
downstream of the East End WPCP into Little Lake George, and in a deep water depositional area of Lake 
George near the inlet. 

Of importance is that the zones of impairment defined by the community index approach closely resembled 
the zones of impairment earlier described and shown in Figures 6.44 and 6.46. However, the impact zones 
defined by the dominance index suggested a slightly greater degree and extent of impact in Little Lake 
George and Lake George than shown by the station cluster distribution technique. 

The similarity between zones of impact derived from the station cluster patterns and dominance index 
analyses clearly strengthen the position that pollution-tolerant benthic communities are continuing to persist 
downstream of the Algoma Steel, St. Marys Paper and East End WPCP discharges, extending downstream 
along the Ontario shoreline as far as upper Lake George (Burt et al., 1988). 

Benthic macroinvertebrates were also identified from 2 an thick sections from the upper 20 a of sediment 
cores collected in the St. Maqs River by as part of OMOE's MISA initiative in 1987 (Figure 6.47). In 
contrast to the foregoing, the abundance and diversity of species was generally higher at stations downstream 
of mapr Ontario point sources (stations 155, 157 and 169) than in Little Lake George or at the upstream 
station. Abundance and diversity generally decreased with increasing depth in cores. However, benthic 
communities downstream of mapr point sources were characterized by high numbers of oligochaetes and 
were correlated with high concentrations of metals, PAHs, phosphorus and organic carbon, whereas the 
upstream station (station 52) was characterized by pollution-intolerant chironornid species that were 
correlated with low levels of the above contaminants and elevated levels of nitrogen (Pope 1990). 

Sediment samples collected along with benthic invertebrate sample. in 1985 were contaminated by oily 
substances at most stations between the East End WPCP and upper Lake George. This does not imply that 
the WPCP is the mapr source of the oil, because oil also occurred in abundance at stations upstream of the 
WPCP. The results of the 1985 survey suggested that the extent of sediment contamination by oil in the 
Lake George Channel has not changed from that observed in 1975 (Figure 6.45). V~sible oil was not 
observed in the Lake Nicolet Channel sediments in 1985, and wds very limited in distribution in this area 
during the 1975 survey. 

The distribution of H e m ~ n i a  limbato nymphs in 1985 remained similar to that observed in 1975 
(Figure 6.45). In 1985. Hemgenia limb& was absent from sediments from 27 of 32 stations in the St. Marys 
River. Lake Nicole: Lake George Channel, Little Lake George and Lake George that contained even slight 





amounts of visible oil. In contrast, at the remaining 19 stations d e r e  visible oil was absent, 16 had 
Hcolgenia limbafa populations present (Burt u ol., 1988). At two of three remaining stations where 
H c o l p i a  limbafa was absent, the bottom substrate was primarily sand, a substrate which is not usually 
inhabited by Hcolgenia lirnbafa (Edwards et d., 1989). 

A p i t  US.EPA/FWS study of the entire St. Marys R i ~ r  in 1985 also found that, in general, the densities 
o f  Hcolgnia Zimbafa nymphs were significantly l o w  at stations where sediments contained visible oil 
(11 organisms/m2) than at stations without oil (249 organisms/m~. The visible oil is probably the lighter, 
more watersoluble and more toxic fractions of oils spilled (or discharged) into the river over the years from 
three main sources: steel plant rolling mills, chemical plant oil separators and heavy fuel or biige oils from 
passing vtssels (Schloesser a d. 1991, in press). 

Edsall a d. (1991 in press) found that dry weight production of H e x g n i a  limbarrr nymphs per unit area 
during the period April to October, 1986 at an upper Lake George station with sediment concentrations of 
oil and grease, cyanide, cadmium, chromium, copper, nickel and zinc above U.S.EPA and OMOE guidelines 
for the disposal of dredged material was only about 12% of that at stations where contaminant levels were 
below the guidelines 6.48). It is generally believed thaf because of their respiratory gills, Hexgenia 
nymphs are particularly sensitive to the presence of oils in sediments. 

6.6.6 Contaminants in Benthic Invertebrates 

6.6.6.1 Oligochaetes and Mayfiies 

Information on contaminants in benthic invertebrates in the St. Marys River is Limited; however, in 1983 
OMOE determined the concentrations of arsenic and heavy metals in the numericallyabundant oligochaeta 
(TubipX rubifix and L i d u s  ho@?iszen> and in sediments at four stations (Figure 6.49) located 
downstream of the Algoma Steel, St. Marys Paper, and East End WPCP discharges. On average, more than 
75% of the cadmium, copper, lead and zinc, and more than 60% of the arsenic in the c63 cm diameter (silt 
and day) fraction of sediments were in 'potentially available' forms. Based on the strength of the chemical 
extractants used, in decreasing order of biological availability (operationally defined), these include pore 
water > cation exchangeable > easily reducible > organic sulphides > moderately reducible (FeIMn 
oxides). However, most of the potentially available heavy metals were associated with the organic sulphide 
whereas most of the arsenic was in the easily reducible form. In contrast to the above elements, more than 
75% of the iron and manganese was in the residual phase of sediments (not biologically available). At the 
four stations with suffiaent oligochaetes for chemical analysis, concentrations of arsenic and metals in tissues 
were usually lower than in the St. Marys River sediment from which they were obtained (Table 6.20). The 
table also shows the bioconcentration factors (BCFs) for the various inorganic contaminants relative to their 
bulk sediment concentrations at the four sampling sites. The only location with a biological concentration 
factor of 1 or more for copper, zinc and mercury (Station 0045 near Little Lake George) had the lowest bulk 
sediment contaminant levels. It is noteworthy that the bioconcentration of these three metals was inversely 
proportional to the organic content of sediments, especially the solvent extractables (oil and grease) 
concentration. In sediments having high levels of organic carbon, biological uptake was very low, despite the 
fact that sediment metal concentrations were generally at their highest. Although BCFs are of concern with 
regard to the potential for biological magnification of contaminants through the aquatic food chain, the 
actual concentrations of contaminants within the oligochaetes are also important from the standpoint of the 
organisms' viability and behaviour. At presenf there are no guidelines or criteria to compare the tissue 
concentrations in Table 620 with. However, comparison with the range for oligochaetes from all areas 
sampled in the Great Lakes in 1983 ('min.' to ' m a '  in Table 6.20) indicates that, with the exception of 
arsenic, tissue concentrations in St. Mary River oligochaetes were closer to the lowest concentrations 
observed. 
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Table 6.20 Concentrations of arsenic and metals in bulk sediments (mg/kg, dry weight) and benthic 
macroinvertebrates (oligochaeta) tissue (mg/kg, dry weight, gut-corrected) from different 
locations in the St. Marys River, 1983. (from Persaud et  al., 1987). 

Zinc I Lead 

Tissue 
Sediment I Benthic BCF 

Tissue I Sediment I Benthic I BCF I Sediment 
Tissue 

Sediment Benthic 
Tissue 

Max I 
1- Tissue 

Manganese Mercury 

BCF Sediment Benthic BCP Sediment Benthic BCF 
Tissue Tissue 

0.2 64.9 39.6 0.6 0.1 0.5 5.0 
0.0 197.1 12.0 0.1 0.6 0.3 0.5 
0.1 128.0 8.5 0.1 0.4 0.1 0.3 
0.0 362.4 -1.2' 0.0 0.6 0.0 0.0 

Arsenic 

Sediment Benthic BCP 1 Tissue-I- 

 in I 
Max 4 h .665.7 '"*' I I I 1 8  1 I I 0":; I 

Note: Station locations shown in Figure 6.49. $ 

* Exceeds Ontario Ministry of the Environment guideline for the open water disposal of dredged 
materials. 
' Negative value is the result of extremely low levels of manganese in benthic tissues compared with 
the sediment concentration. 

BCF - Biological concentration factor. 
NA - Not available. 
Min and Max - Minimum and maximum concentrations detected in oligochaetes from all areas sampled in 
1983 (from Persaud et at., 1987). 



Further studicSwre conducted in 1985 and 1987 (F@re 6.49) as part of the OMOE's MISA initiative in the 
St. Marys River (in the vicinity of Algorna Steel and the East End WPCP) to determine- the environmental 
impacts of- both metal and organic contaminants in sediments on resident biota, including benthic 
invertebrates and fish (Jaaghagi et d., 1991). This ecosystem approach was designed to determine whether 
either the Algoma Steel mill or the East End WPCP were a mapr source of contaminants to biota in the 
AOC. 

As in 1983, Jaagumagi et d., 1991 found that the accumulation of metals by benthic invertebrates in 1987 
could not be directly related to bulk sediment metal levels. T i u e  metal levels fluctuated only slightly, 
despite large fluctuations in sediment levels. Arsenic and merauy were the only metals that bioaaxmulated 
in tissues to levels higher than in sediments ( F i  650). Also, lev& of metals in invertebrate tissues could 
not be directly related to their concentrations in any particular sediment fraction. 

With the exception of PAHs, organic contaminant levels were low in sediments, and only PCBs were found 
in organisms from some stations at levels higher than in sediments Figure 6.50). 

The authors found that any contaminant effects on the biota that may have been due to the East End WPCP 
could not bt differentiated from upstream sources. S i a r l y ,  an effect from the St. Marys Paper Co. mill, if 
present, could not be separated from the effects of the Algoma Steel mill, except in terms of increased lenls 
i f  chlorophenols uptake in laboratory bioassay. Furthermore, sediments from these stations were not 
acutely toxic to either Hemgenia limbs nymphs or fathead minnows during the 10-day laboratory bioassays 
(Table 6.21). 

Table 6.21 Acute toxicity laboratory bioassay results for sediments collected from the St. Maw River 

Station 

0006 
0007 
0001 
0005 
0003 
0004 
0002 

Control 

Percent Mortali 

Fathead Minnows 

Over 10 Days 

Mayfly (Hexaaenia) Larvae 

13.3 
6.7 
6.7 

13.3 
6.7 
20 
20 
0 

Notes: 1). Refer to figure 6.49 for station location. 
2). The above percentages are the average of three replicates. 

Jaagurnagi et al. (1991) concluded that their sampling program was limited in its abiity to demonstrate direct 
cause-effect relationships between sediment contamination and bottom faunal effects. In fact, they argued 
that impacts could only be inferred because suitable mechanistic explanations were lacking for contaminant 
movement in sediments as well as impacts on biological syterns. Nevertheless, the speculated effects of 
contaminant loads @omt source discharges as well as spills) on benthic community structure, as well as 
absolute levels of specific pollutants in individual organisms, strongly argued for further controls on sources 
of pollution. 
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Relationship of contaminant concentrations in benthic macroinvettebrate 
tissue (wet weight corrected for dry weight and gut contents) to those 
in bulk sediment (dry weight) samples from the St. Wtys River, 1987 
All or anisms were oligochaetes, except for station 0006, which were Hexagenia nymphs; 
see P rgure 6.49 for station locations 

Ststion Number 

Station Number 

0006 0007 0001 OOO5 0003 0004 0002 
Station Number 

Station Number 

Station Number 

Mercury 

sediment 
......... biota 



In general, the abovt studies suggest that polluted sediments can be a source of contaminants to organisms. 
particularly if the organic carbon content of the sediment is low. As discused eartier (Section 6.6.4) 
con taminants from point source discharges and spills can completely eliminate benthic populations, or reduce 
the divtrsity to a few tolerant species such as TI&@ tubih and Limncddus hojFmismi. Evtn then, the 
concentrations of certain metals in the tissues of these surviving organisms implies concerns of potential 
contaminant transfer to higher trophic levels. 

6.6.6.2 Mussels 

In 1984. uncontaminated caged unionid mussels were c x p e d  in nearshore waters of the S t  Maxy River for 
a three week period. As described by Kauss and Hamdy (1991), mussels placed in areas near and 
downstream from the Ontario discharges accumuiated significantly higher levels of PAHs such as 
phenanthrene (one of the most abundant PAHs in mussels) than those cxpmed at upstream locations 
(Figure 651). Accumulations along the Michigan shoreline were generally at lowcr levels than along the 
Ontario shore. In 1985, mussels qmsed in the Algoma Steel Slip accumulated the highest levels of total 
PAHs (Figure 651). Ne~rtheless, concentrations of buuo(a)pyrene (maxiurn value 0.013 mg / kg), a known 
carcinogen (Table 6.4), in mussels was well below the proposed UC objtctivc of 1 mgfkg for organisms 
serving as a food source for fish (Kauss 1991). 

6.6.7 Summary 

The S t  Marys River benthic community is diverse, with 303 taw on record. Its composition is influeked 
mainly by substrate type character, water depth and temperature, currents and wave action, the presence and 
density of aquatic vegetation and in certain areas, industrial and muniapal pollution. Statistical analyses of 
stations sampled in 1985 revealed that industrial and muniapal discharges severely impacted the benthic 
macroinvertebrate communities in the Algoma Slip and in downstream embayments along the Ontario 
shoreline. Moderate impairment was generally restricted to a narrow band approximately 500 m wide. 
extending 4 km along the Ontario shore downstream of industrial discharges. Some recovery was apparent 
about 5 km downstream from the Algoma Steel and St. Marys Paper discharges however, complete recovery 
did not occur until the lower section of Lake George. some 24 km downstream from these discharges. Clean 
water (unimpaired) fauna characterized the non-industrialized Michigan shore. the entire river upstream of 
pollutant sources, and Lake Nicolet. 

Statistical analysis to determine correlations between sediment quality and benthic communities (community 
index analysis) revealed similar zones of impact as shown by the cluster evaluation approach. Discriminant 
analysis identified a heavy metal-particle size gradient and a pestiade-particle size gradient in sediment 
quality, which together provides a basis for separating impacted station clusters from each other and from 
unimpaired stations. 

Despite considerable reductions in various contaminant concentrations in the river including phenol, 
ammonia, oil and grease, cyanide, etc., substantial improvements have not been observed in the AoC's 
impaired benthic communities. Sediments continuing to have visible oily residues are characterized by low 
numbers or the complete absence of the burrowing mayfly Hem&nia limbota. Production of nymphs of 
Hempia  fimbota is also markedly depressed by the presence of high concentrations of oil, cyanide and 
heavy metals. 

Contaminants from point source dischargts, spills and bottom sediments are generally considered to affect 
benthic organisms, either by completely eliminating communities or by reducing their diversity or 
productivity. Metal concentrations in sediment-dwtlliig organisms (tubicjds) generally correlate poorly with 
concentrations sediment. Arsenic and mercury are the only metals that appear to be bioaccurnulating in 
benthic organisms. Organic contaminant bioaccumulation was generally low, with only some of the more 
persistent organics (PCBs) accumulating in organic tissues of benthic organisms. 
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Uncontaminated mussels exposed to river water near and downstream of Ontario discharges accumulated 
significantly higher levels d certain PAH compounds than mussels introduced in the river upstream from the 
discharges. Arxumulatioas along the Michigan shoreline anre generally at lower levels than along the 
Ontario shore. Mussels uposed in the Algoma Steel Slip contained the highest levcls of total PAHs. 
However, concentrations of bcnzo(a)pyrene were well below the proposed UC objective of 1 mglkg for 
organisms serving as a food source for fish. 

6.7 FISH, AMPHIBIANS AND REPTILES 

6.7.1 Fish 

6.7.1.1 Composition and Distribution 

The fish community of the St. Marys River is a complur mixture 74 species of wann, cool and coldwater fish 
(Appendix 6.8). although many are considered to be transient or rare. This high number results from the 
diversity of fish habitats within the river, as well the riven connections to the fish communities of Lakes 
Superior and Huron. Ryder and Kerr (1978) described the current community as foremost a warmwater 
percid one which is characterized by the presence of Sdrostedion M'trem (walleye), Esox lucius (northern 
pike), Perca /avescens (yellow perch) and Gzfosrnm(~~ commersoni (white sucker). Twelve species which 
occur in the river have been either intentionally or accidentally introduced into the Great Lakes basin. or 
have gradually invaded from the Atlantic Ocean (Table 6.22). Osmenrs mordar (rainbow smelt) is now an 
important forage fish in the AoC (USACOE, 1988) and salmon, 0~1~0d)rrchus m w s  (rainbow trout) and 
Salmo mctta (brown trout) are important sport fish. 

Table 6.22 Exotic fish introductions to Lake Superior with year of introduction or first record in 
parentheses (Lawrie, 1978). 

"Planned" Introductions I "Accidental" Introductions 11 
Rainbow Trout (1 895) 
Brown Trout (ca. 1900) 

Coho Salmon (1966) 
Chinook Salmon (1967) 
Atlantic Salmon (1972) 

Carp (1915) 
Rainbow Smelt (1930) 
Sea Lamprey (1946) 

Alewife (1954) 
Pink Salmon (1956) 

Gizzard shad* 
Goldfish* 

Occurrences are rare. Year of introduction is not known. - 

Adult spawning sea lamprey ( P e m m p n  munkus) are abundant in the St. Marys Rapids, and below the 
Clerque Generating Station from about June 15 to August IS. The larvae are found from Whitefish Bay to 
Munuscong Lake. Population estimates for adult sea lamprey in the St. Marys River showed a decline from 
10,964 in 1976 to 3,136 in 1978, however they have since increased from approximately 17,000 in 1985 to 
almost 27,000 in 1989 at the CIerque Generating Station and the USACOE Power Plant @FO/U.S.FWS, 
Sea Lamprey Control Office, Data Fdes) (see section 5552). Because adult sea lamprey feed in the lakes, 
there is less damage to fish in the St. Marys River. However, there is increasing concern that the large 
lamprey population in the river is contributing to the increased mortality of fish, particularly salmon and lake 
trout (Sufdnus ~ m a ~ m h )  mostly in Lake Huron. For example. migratory species such as salmon show a 
high incidence of wunds (40-60 wounds per 100 fish, 1986-1990) when they return to the river 



@FOIU.S.FWS, Sea Lamprey Control Office, Data Fdes). The large size of the S t  Maqs River 
complicates chemical treatment of lamprey larvae; however the Lake Huron Technical Committee recognizes 
this and has set an objective of a 75% reduction in the abundance of spawning adults by the p a r  2000 and a 
90% reduction by 2010 @FO/U.S.FWS, Sea Lamprey Control Office, Fdes) (see section 555.2). 

Fh species of the AoC arc normally associated with one of four primary habitats: open water and 
unbayrnents, emergent wetlands, sand and gravel beaches and the St. Marys Rapids. Howver, many can 
also be found in more than one habitat, either as they mature from larvae to adults, or as a result of die1 or 
seasonal migration. 

F& species using a particular section of the river may change considerably throughout the year. as migratory 
specits inhabit an area during spawning, and then lea* the immediate area. perhaps even the river. For 
example. pink salmon are wry abundant in the river during the late summer and fall of odd-numbered years 
and migrate to the rapids and mast tributaries for spawaing. Chinook salmon and coho salmon exhibit false 
runs in the spring, but migrate upstream in late summer and fall to spawn (Krishka 1989). Rainbow trout 
and rainbow smelt are other migratory species which use S t  Marys Riwr tributaries and rapids for spawning 
in spring. These species are b e l i e d  to leave the river following spawning however, both have been 
observtd in the rapids during other times of the year (Hamilton 1987). Smelt are regularly fished with dip 
nets below the Clerque Generating Station in July. Walleye exhibit a pre-spawning migration toward 
M u n w n g  Lake from mast areas of the S t  Marys River (Figure 6.52) however, unlike the migratory 
salrnonoids, they tend to remain within the river system following post-spawning dispersion, and reappear in 
the rapids during late summer. presumably to feed. Krishka (1989) has idendified the Rapids as critical 
habitat for walleye. Howcvcr, it is uncertain whether walleye spawn or *ply use the Rapids for forage. 
Sexually mature atlantic salmon return to the river from May to July (S. Scott, MDNR, pen. comm.). Fish 
production in the Lake Nicolet reach of the river is about 12 g . 4 F D ~ / m * / ~ r  or 29 tomes AFDWIyear 
(Edwards er al., 1989). The latter is 0.5% and 6.3% of the annual primary and secondary production 
respectively, in Lake Mcolet (Kauss 1991). 

The St. Marys Rapids has been subpct to dewatering. with attendant adverse impacts on fish habitat, fish fry 
and benthic macroinvertebrates (Kauss 1991). It is suspected that dewatering results in a reduced spawning 
area and food source (i.e. the reduction of macroinvertebrate populations) and hence a reduction in fish 
populations (P. Kauss. OMOE, pen. comm.). Intermittent dewatering may result in the destruction of a 
variety of fish fry inhabiting the rapids. In 1985 a berm was constructed in order to maintain water levels 
along the Ontario side of the Rapids during periods of reduced flow. 

Although the fish populations appear to be healthy, concerns are now behg raised by the public suggesting 
that native fish populations, such as lake whitefish and lake herring, are declining. Stocking efforts are 
concentrating mainly on the introduced species, such as salmon and rainbow and brown trout, for sport 
fishing and tribal commercial and subsistence fishing are reducing the native speaes. Quantitative data 
supporting this concern is not available and it is not known what impact the exotic species have on native 
species or habitat. 

In summary, a complex fish community exists in the river, providing dynamic, year around sport fishing. An 
important tribal fishery exists for whitefish and lake trout in the upper river and Lake Superior, and 
subsistence fishing is carried out by native peoples throughout the S t  Mary River (see Sections 
5 . 5 5 6  & 7). Human interference has changed the ecosystem and fish habitat of the St. Maqs  River, 
particularly in the Rapids. Humans have also been instrumental in changing the dominant fish species 
composition throughout the Great Lakes by the introduction of exotic species such as salmon, rainbow and 
brown trout The increasing population of adult spawning sea lamprey in the St. Marys River suggests that 
sea lamprey are contributing to the increased mortality of fish, particularly salmon and lake trout in Lakes 
Huron and Superior. 



Figure 6.52 

St Marys River Remedial Action Plan 

Migration of walleye in the St Marys River towards Munuxorrg Lake during 
January to Febnraty and dispersal frOm the lake in July to August 
( k n l n q a t d .  1w 

January to Fabruary: Rcspawnlng movement 

July to August: Post-spawning movement 



6.7.1.2 Contaminants in Fish 

To date, mapr impacts from industrial and municipal sources of pollution, such as those observed for 
benthic macroimrtebrates, haw not been demonstrated for fish (Edsall a d.. 1988). Analyses of pung-of- 
theytar yellow perch and spottail shiners collected in 1979, 1983 and 1987 from Ontario waters at Sault 
Ste. Marie and in Little Lake George indicated that concentrations of organochlorine contaminants (in whole 
fish), Pmen detected, were low. F O ~  example, total PCBs averaged 0.025mg/kg or less, and were below the 
GLWQA objective of 0.100 mglkg for the protection of birds and animals which consume fish. Other 
chlorinated organia were at low or non-detectable levels in the perch and shiners tested (Table 6.23). 
Spottail shiners obtained from Little Lake George in 1987 were also anal* for PAHs. Only naphthalene 
was detected in the fish, at an average concentration of 0.023 mglkg (Table 6.23). 

Table 6.23 Organic contaminants in jlvenile fish from Ontario waters of the S t  Marys River in 1979, 
1983 and 1987 (adapted from Suns et al. 1985 and 1991). 

PCB (total) 
mordaoe (9 Y) 
BHC ( 4 7 )  
DDT and Metabolites 
Mirrx 
Chlorinated bemcm (tri-. tetra-, penta-. kg-; 
llichlorotoluuu. oaachlorostyrrne) 

Chlorinated diphatin @cdoroethane, 
hdorobuudicne) 

Chlorinated p h m k  (tri-. tetm-, penta-) 
Pol* aromatic h m  

Mean amce 

1 979 
Little Lake 
-90 

trace (<OM) 
0.003 
0.005 
0.005 
ND 
N A 

N A 

N A 
NA 

ration (mgl 

1 983 
Salt Ste. 

Marie 

, wet weight) 

1 983 
Little Lake 

Georae 

1987 
Lmle Lake 

George 

ND 
ND 
ND 
ND 
ND 
ND 

N A 

N A 
0.m 

Notes: Data are mean concentrations for young-of-the-year yellow perch and spottail shinen from 
Sault Ste. Marie, Ontario and Little Lake George 
'~pecific objectives for the projection of birds and animals which consume fish (UC, 1987). 
NA - Not available 
ND - Not detected 

Data on organochlorine contaminants in adult fish (Table 6.24) indicate that total PCB concentrations in 
St. Maqs and Tahquamenon Rivers fish were estimated to exceed GLWQA objectives for the protection of 
fish eating birds and animals (Kauss 1991). However, estimates of contaminant concentrations in St. Marys 
River fish were "semi-quantitative" (Jaffe et d. 1985) and conclusions about exceedences of GLWQA 
objectives are speculative. Kauss (1991) noted that there was a lack of objectives for the maprity of 
contaminants detected in the fish, thereby making judgement of their importance to higher levels of the food 
chain difficult. 

Since 1976, sport fish collected by OMNR in Ontario waters of the St. Marys River have been analyzed by 
OMOE for mercury, PCBs and organochlorine pestiades such as DDT and miren In 1980, walleye from the 
St. Joseph Island area were also analyzed for 2,3,7,8-tetrachlorodibem-p-dioxin. This compound was not 
detected in any of the fish samples. For the most recent collections in 1987 and 1989, dorsal fillets of some 
species were also analyred for poljqclic aromatic hydrocarbons (PAHs), chlorinated aliphatics and benzenes 



Table 624 Contaminants in whole adult M from the S t  Marys River neighbouring Lakes Superior and 
Huron. (Kauss 1991). 

Concentration (mgkg, wet wt.) 

L. Superior St. Marys R. Contaminant 

PCB (total) 
B H c  (4 
Chlordane(q T) 
Nonachlors 
Dieldrin 
DDT and metabolites 
Heptachlor epoxide 
Mirex 

Dichlorobenzene 
123.4-Tetra- 

chlorobenzene 
124.5-Tetra- 

chlorobenzene 
Pentachlorobenzene 
Hemchlorobenzene 
Octachlorostyrene 

PAH (total) 

Sources: a JafTe a uf. (1985), semi-quantitativt 1983 data for wfiite 
sucker and carp from Michigan waters of the St. Marys River and 
for white sucker from the Tahquamenon River, Whitefish Bay, 

b Zenon (1985). 1983 data for white sucker and brown bullhead 
from Ontario waters of the North Channel, Lake Huron. 

Notes: * specific objectives for the protection of birds and animals 
which consume fish (UC, 1978) 

NA not available 
ND not detected 

L. Huron Agreement 
Objective' 

0.100 
NA 
NA 
NA 
NA 
1 .oOO 
NA 

<detection 

NA 

NA 

NA 
NA 
NA 
NA 

NA 

and chlorinated phenols; certain 1987 fish were also anal@ for nine additional elements, including arsenic. 
These recent data are summarized in Table 6.25 and presented in greater detail (i.e., by species, mean 
concentration) in Appendix 6.9. 

- - - - 

-- 
NA I NA 

Since there were no "control* sites sampled in the upper S t  Marqs River, compairisons of contaminant levels 
in sport fish from immediately abovt and below Sault Ste. Marie cannot be made. However, data for fish 
from Batchawana Bay in Lake Superior and from Algoma Mills in the North Channel of Lake Huron are 
induded in Table 6.25 to provide upstream and downstream references for the S t  Ma* River sites. 1986, 
1987 and 1989 MDNR collections from Michigan watels are also included for comparison. It should also be 
noted that data on the same fish species is not available for all areas, thereby making comparisons between 
different areas difficult. For example, walleye are highly mobile within the St. Marys River, and salmon are 
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Table 6.25 (Cont ld)  

PAHs 

Acenaphthene 

Acenaphthylene 
Anthracene 
Benzo[al anthracene 

BenzoCbl f luoranthene 
Benzo[kl f luoranthene 
Benzo [g, h, i I p e r y l  ene 
Benzo [a] pyrene 
Chrysene 
DibenzoCa,hlanthracene 

Fluoranthene 
F luorene 
Indeno[l,2,3-cdl pyrene 
Naphthalene 

Phenanthrene 

Pyrene 

Contaninant F ish  
Conssn. 

Guidel. 

Notes: Data are  based on from 5 t o  20 samples, depending on contaminant group,area and species 
Batchauana Bay: - u h i t e  sucker. 
be lou Rapids: - p ink  salmon, chinook salmon, brown bul lhead, no r the rn  pike,  
Lake George: - broun bul lhead, smallmouth bass, ua l l eye  and ye l low perch. 
St. Joseph Is land:  - ua l leye.  
Algoma H i l l s :  - chinook salmon and p ink  salmon. 
Sugar Is land:  - 9 u h i t e  sucker ( s k i n  on), 3 u a l l e y  ( s k i n  on) and 5 no r the rn  p i k e  ( s k i n  o f f )  (HDNR 1990). 
Nor th  Drurmond Is.: - 10 y e l l o u  perch ( s k i n  on) (MDNR 1990). 

Concentrat ion mg/kg (net  w i g h t )  

Lake Hunuscong: - 10 no r the rn  p i ke  ( s k i n  o f f ) ,  8 u a l l e y  ( s k i n  on) (HDNR 1990). 
Heal th and Ue l fa re  Canada gu ide l i nes  and/or Great Lakes Uater Q u a l i t y  Agreement s p e c i f i c  ob jec t i ves  f o r  the  p r o t e c t i o n  of  hunan consumers 
o f  f i s h .  

I Tr igger  l e v e l s  used by the  Michigan Department o f  Pub1 i c  Heal th (MDPH) in the  establ ishment o f  f i s h  consunpt ion advisor ies.  
' D i e l d r i n  i s  inc luded i n  consurp t ion  g u i d e l i n e  L i s ted  f o r  A ldr in ;  p,pl-DDT, p,pl-DDD and p,pl-DDE are  a l s o  inc luded i n  the gu ide l i ne  fo r  

Nor th  
Charnel 

Mi 11s 

Raoge 

"DDT p l u s  metabol i tesu. 
Range m i n i m  t o  m a x i m  concent ra t ion  detected. 
- no t  a v a i l a b l e  
ND not  detec ted a t  method r e p o r t i n g  l i m i t  (MRL) 

ClDPH 
t r i g .  
l e v e l '  MRL 

S t .  Marys R i ve r  
Michigan 

Sugar Murscong  N. D r u b  
I s l a d  Lake Is. 

Range Range Range 

Lake 
S lper  i o r  

Batchahauana 
Bay 

Range 

St. Marys R i ve r  
On ta r i o  

b e l w  Lake St. Joseph 
Rapids George I s . A r e a  

Range Range Range 



probably lake-run fish which are only in the river during spawning and may have accumulated much of their . ,, 

contaminant burden elsewhere. In contrast, species such as pike, sucker and catfish are more reflective of local 
' 

contaminant conditions. 

Levtls of mercury in dorsal fillets of the larger size classes of certain species from the river are presently in 
urcess of the Canadian federal guideline of 0.05 mg/kg (and MDPH trigger level of 0.05 mglkg) for unlimited 
consumption by humans. As a result, the Ontario gowrnrncnt has issued restricted consumption advisories for 
larger sizes of longnose sucker, white sucker, walleye, northern pike and lake trout uable 626). 

Table 626 Ontario long-term fish consumption advisories for the St. Marys River anglers, based on merauy 
concentration in dorsal fillets (OMOE and OMNR 1991). 

Notes: NR = no restrictions (this is the only category that is suitable for consumption by women of 
childbearing age and by children under the age of IS). 

Although the maximum concentration of PCBs in one chinook salmon (2.940 mglkg) from below the Rapids 
was above the 2.0 mglkg federal guideline, levels in the remaining 19 fish were well below the guideline; 
therefore, this would not necessitate a restricted consumption advisory based on PCB content. 

Concentrations of lindane, DDT and its metabolites, heptachlor and toxaphene, when detected in St. Marys 
River fish. were below their respective guidelines (Table 6.25). 

A number of additional contaminants were detected in some of the fish, but in the absence of consumption 
guidelines andlor upstream data, it is difficult to attach any significance to these concentrations. For example, 
arsenic, cadmium, chromium, manganese, nickel, selenium and zinc were detected at mglkg (ppm) or below 
mglkg levels in some fish from below the Rapids. Hexachlorobenzene was detected at below mglkg levels in 



fish from within the river as well as upstream and downstream. The PAH compounds. naphthalene and 
phenanthrene were present at below mglkg levels in fish from below the Rapids and Lake George. but also 
from upstream Batchaarana Bay. However, an additional eight PAH compounds (acenaphthene. accnaphthyiene, 
benz(a)anthracene, benzo@)fluoranthene, benzo(k)fluoranthene, fluoranthene, fluorene and pyrene) were only 
found in fish from below the Rapids and Lake George, again at below mglkg levels (Table 625). 

Many contaminants were not detected in dorsal fillets of fish from the S t  Marys River. These include: lead, 
aldrin, -BHC, heptachlor, heptachlor epoxide, m i r y  oxy-chlordane, trichlorobenzenes, teuachlorobenzenes, 
trichlorotoluenes, pentachlorobuuene, chlorostyrenes, trichlorophenols, tetrachlorophenols, terphenyl, 
pcntachlorophenol, polybrominatedbiphenyl, anthracene, benzo(g,h,i)perylene, bento(a)pyrene, chrysene, 
dibuuo(a&mthracene and indeno(l,2,3-cd) pyrene. 

Spon fish are periodically coUectcd in the St. Marys River and tested regularly by the MDNR. Collections from 
Sugar Island (1987), M u n w n g  Lake (1986) and Dmmmond Island (1989) areas are shown in Table 6.25 
(Appendix 6.9). Only larger size fish from Munuscong Lake contained levels of mercury exceeding the MDPH 
trigger level and the Canadian federal consumption guideline ( 0 3  mglkg). dhlordane,  p,p'-DDT, p,pe-DDE, 
and cis- and trans-Nonachlor were detected at Ievels below applicable Canadian guidelines or MDPH trigger 
levels in fish captured from Michigan waten of the S t  Maqs River (Table 625). The most recent a d a b l e  
data are from yellow perch collected from Lake Huron near Drummond Island in 1989. Sample analysis 
indicated that concentrations of all contaminants were below MDPH trigger l e d  (Duling and Benzie 1989 and 
1990). Additional sampling was conducted in the St. Marys River in 1991 but results were not available. 

The MDPH has issued restricted consumption advisories for walleyes larger than 48 an (19 inches) (See section 
43.10 for more information on "restricted consumption" and "no consumption" advisories issued by MDPH). In 
addition, a special advisory has been issued concerning all inland lakes in Michigan due to widespread mercury 
contamination throughout North Central United States and Canada (MDNR 1991). Kauss (1991). noted that 
consumption advisories due to mercury have been issued by the Ontario government for walleys caught in 
Goulais Bay and for walleye, lake trout and northern pike in Batchawana Bay of Lake Superior (OMOE and 
OMNR 1991). Therefore, the mercury levels in St. M a r y  River fish may be due in part to background inputs 
into the river or into Lake Superior. The contributions of mercury from atmospheric deposition are discussed in 
Chapter 8. 

Fish consumption advisories issued by MDPH for migratory fish captured in Lake Huron also apply to the 
tributaries into which migratory !ish enter. The MDPH has issued a restricted consumption advisory for brown 
trout less than 533 cm (21 inches), lake trout and rainbow trout W e  issuing a no consumption advisory for 
brown trout over 53.3 an (21 inches) taken from Lake Huron. The consumption advisories on these Lake 
Huron fish were issued because of PCB contamination and apply to the St. Marys River. 
Fish have been regulariy collected from lower Lake Superior since 1985 by OMOE and OMNR, and a few fish 
wcre taken from the North Channel of Lake Huron in 1989. While analyses of the 1989 fish are not yet 
complete, average PCB levels in edible portions were always less than the Canadian legal limit for PCBs 
(2.0 rng1k.g) in commeraal fish. The average concentration of mercury for walleye 50 an in length was 
054 mglkg, &t over the 0.5 mglkg Health and Welfare Canada guideline. 

Very little data on contaminant trends are available. What has been analyzed indicates that the mean mercury 
concentrations in rainbow trout from the St. Marys Rapids area has declined almost 60% between 1978 
(039 mglkg wet weight) and 1985 (0.16 mgfkg, wet weight) howver, more data are required for statistically 
analysing this trend (Kauss 1991). Additionally, given the migratory nature of these and other fish, it is diff~cult 
to suggest what contribution the St. Marys River is making to their contaminant loads. 

The Michigan Department of Natural Resources has investigated incidental reports of tainting and has not found 
substantive evidence. In 1990. MDNR distributed surveys to a local sportkhing group requesting that any 
information regarding tainted flamur be documented. There have been no reported incidents of tainting. 
Because total phenol concentrations have exceeded PWQO (1986 and 1987) and may contribute to the tainting 
of fish flavour, a more extensive and comprehensive survey is required. 



6.7.1.3 Fish Tumours 

Information on the incidence of fish tumours or skin diseases (e.g. lymphocystis and dermal sarcoma fibrous, 
which are both caused by viruses) in the AoC is scarce and ambiguous. This does not mean that turnours are 
non-existent or unimportant An investigation by the United States Fish and Wddlife Service indicated that the 
incidence of liver tumours in Ictolrrncs nebulosus (brown bullheads) taken from Munuscong Bay was as high or 
higher than one would expect for a control site. The rcason(s) for this apparent inconsistency could not be 
substantiated (Paul Baurnann, US* pus. comm.). 

A fish tumour survlcy was conducted by OMOE in the St. Marys River during 1987. White suckers were 
captured below the Rapids along the Sault Ste. Marie, Ontario shoreline and their livers tested for the presence 
of mixed function oxidases (MFO), a family of oxygenating enzymes that can be induced by expasure to certain 
natural and synthetic chemicals. Relative to the upstream control population from Batchawana Bay in Lake 
Superior, MFO activity in livers of the St. Maqs River fish was significantly higher, likely reflecting localized 
contamination in the sediments, water and benthic invertebrates of the latter area (Smith ef al., 1991). An 
abnormal incidence of liver neoplasms has also been identified in white suckers from the St. Marys River, the 
frquency was also elevated in suckers from the control population in Batchawana Bay, and this data is being re- 
evaluated (Smith, OMOE, unpublished data). 

6.7.2 Habitat Degradation 

As described in Chapter 5, the S t  Marys River, and particularly the rapids, have been extensively altered to 
improve navigation between Lake Superior and Lake Huron. to enhance rail and highway traffic and to provide 
hydroelectric power. As a result, fish spawning and rearing habitat in the Rapids is subject to dewatering, with 
attendant adverse impacts on fish habitat, fish fry and benthic macroinvertebrates (Kauss 1991) with a reduction 
in spawning area and food. Intermittent dewatering may result in the destruction of a variety of fish fry 
inhabiting the rapids. In 1985 a berm was constructed along the Ontario side of the rapids, parallel to Whitefish 
Wand to maintain a suitable flow rate within the bermed area and Whitefish Channel. However, the water 
diverted to sustain flows within these areas has dewatered sections of the river bed on the Michigan side and has 
created inadequate discharge on the Ontario side. 

In the lower river, dredging and filling, shoreline development and natural fluctuating water levels have resulted 
in wetland losses (Krkhka 1989) and littoral zone degradation. Industrial development on the river is also felt 
to have had a negative impact on fisheries habitat through alteration and removal. Other sources of habitat loss 
or alteration include: 

Permanent residents and cottagers have altered their shorelines to provide better access and 
docking facilities, often with loss of habitat; 

Natural fluctuations in water levels, for example in 1985, the high waters in Lake Huron and 
Lake Michigan flooded areas of the lower river such that shoreline erosion was observed 
behind wetlands, and large vegetational mats uprooted and drifted into surrounding waters. 
The lowest water levels were recorded in 1964-65. Between 1964 and 1985 a difference of 
approximately 3 metres occurred in the river. 

Emergent wetlands and their related fisheries are susceptible to adverse impacts resulting from 
the passage of commercial and recreational boats. Liton a al. (1983) and Poe and Edsall 
(1982) have shown that drift rates of detritus, macrophytes, zooplankton and macroinvertebrates 
out of the system are accelerated during ice cover with vtssel traffic (winter navigation). In 
addition, sedimentation and habitat destruction from scouring by vessel-induced wave and 
current action is accelerated with ice cover (Liton et al., 1983). 



Historic log booming in Marks Bay resulted in logs sinlang to the sandy bottom where they have 
become cunented into the sand. Originally the sandy bottom of Marks Bay is somewhat sterile for fish 
habitat The logs now act as refuge habitat for invertebrates and small forage fish however, decaying 
logs can create an anaerobic environment which can destroy fish habitat. 

No quantitative estimates of habitat impairment or loss are available for the AoC. 

6.7.3 Amphibians and Reptiles 

Very little information is available on amphibians and reptiles of the St. Marys River, however, Duffy et d. 
(1987) indicated that 29 species inhabit the river and these .are listed in Appendix 6.10. 

6.7.4 Summary 

The S t  Marys River harbours 74 speaes of fish, many of which are transient or rare. This high number results 
from the diversity of fish habitats, coupled with introductions and habitat alterations. The current community is 
primarily a warmwater perad one characterized by willeye, northern pike. w o w  perch and white sucker, 
although coldwater species are also present. A number of species including rainbow smelt, coho salmon, 
chinook salmon, pink salmon. alewife and sea lamprey, which have been introduced to the Great Lakes basin, 
either accidentally, intentionally or via gradual inmion from the Atlantic Ocean are found in the AoC. Both 
the introduced game fish and native game fish provide an important year-round fishery. 

In the view of many people, fishing in the St. Mary River has improved since the introduction of the emtic 
pa&c salmon into the Great Lakes mainly because the fish are migrating to and through the river to spawn. 
Once in the river system they are blocked from further migration upstream by the structures at Sault Ste. Marie. 
On the other hand, some members of the public feel that the introduction of exotic fish (i.e. salmon) have 
impaired native fish stocks such as whitefish. 

It is speculated that impairment of fish stocks in the S t  Marys River has resulted from localized habitat 
alteration andlor loss, diminished stocks of benthic invertebrates in select areas, overfishing and invasion or 
introduction of non-nativt species such as the sea lamprey which is predatory on most larger fish. 

The St. Marys River has 6,698 ha of habitat occupied by larval sea lamprey (see section 55.52). The total 
potential larval habitat occupied by sea lamprey in all Lake Superior and Lake Ontario tributaries is only 5,392 
ha. approximately 80% of the known St. Marys River range @FO/U.S.FWS, Sea Lamprey Control Office, Data 
Files). The Lake Huron Technical Committee, 1990, recognizes the St. Marys River as the main source sea 
lamprey in Lake Huron and realizes that their goal for fish rehabilitation in the lake cannot be achieved until 
this source is brought under control. They endorsed an obkctive of a 75% reduction of spawning adults by the 
year 2000 and a 90% reduction by B10. 

Mercury levels in dorsal Nlets of the large size classes of certain species are presently in excess of the Canadian 
federal guidelines for unlimited consumption by humans or MDPH trigger levels for reduced consumption. The 
Ontario government has issued consumption advisories for large sizes of longnose sucker, white sucker, walleye, 
northern pike and lake trout (OMOE and OMNR 1986). The MDPH have issued restricted consumption 
advisories for walleytx larger than 48 an (19 inches). 

Fish consumption advisories, issued by MDPH for migratory fish captured in Lake Huron, apply to the St. 
Marys River and any tributary into which migratory f h  enter. The MDPH has issued a restricted consumption 
advisory for b row trout less than 533 an (21 inches), lake trout and rainbow trout while issuing a no 
consumption advisory for brown trout over 53.3 an (21 inches) taken from Lake Huron. The consumption 
advisories on these Lake Huron fish were issued because of PCB contamination. 



6.8 WILDLIFE 

6.8.1 Birds 

As noted in Chapter 5, the S t  Marys River and surrounding area support over 180 species of waterfowl, colonial 
waterbirds, shorebirds, some raptors, and passerines (Appendix 6.11). 

6.8.1.1 Production 

There is limited production data for birds of the S t  Marys River. In 1984.53 common tern nests on Raber 
Island produced an average 22 young per nest, d e  nests on Steamboat Island produced 0.43 young per nest 
In the same year, the Lime Island common tern colony produced no young in 209 nests, perhaps due to the 
effects of high water levels and natural and ship-induced wave action (Smith and Heinz, 1984). 

The Canadian Wildlife Service conducted waterfod surveys during the 1987 and 1988 breeding seasons at 
Pumpkin Point on 4 h2 plots. The m y  s h o d  that the total waterfowl breeding density observtd in the 
wetlands is approximately four times higher than adjacent inland areas @.R. Fillman, Canadian Wddlife Service, 
pers. comm.). Table 6.27 shows that densities of breeding pain of common merganser, red-breasted 
merganser, gadwall, lesser scaup and Canada g m e  have decreased from 1987 to 1988. 

Table 6.27 1987 and 1988 waterfowl breeding pair surny at Pumpkin Point St. Marys River (D.R. Fdlman, 
Canadian Wddlife Service, pen. comm.). 

species I Number of Indicated Pairs uer 4 Ian2 

Mallard 

Common merganser 

Red-breasted merganser 

2.0 

2.0 

G adwall 

Lesser scaup 

Common goldeneye 

A marked increase in the number of young produced by osprey and northern bald eagles occurred in the early 
1980's. Osprey production increased sharply from 0-5 young per year in 1973-1980 to 15-23 in 1981-1985; in 1986 
and 1987, a pair of bald eagles successfully nested on the Munuscong Lake shoreline, producing two young each 
year (Edsall a al., 1988). This increase suggests that a reduction occurred in the amount of contaminants in the 
diets of both ospreys and eagles. However, Edsall a al. (1988) cautioned that, although the situation appears to 
be improving, potential threats remain. Increased feeding by osprey and bald eagles on contaminated fish, 
herring gulls, ring-billed gulls and diving ducks could, for example, compromise the otherwise promising 
reproductive future for ospreys and bald eagles in the St. Marys River area. 

1 .O 

1 .O 

Canada goose 

Loon 

Green-winged teal 

1.0 

5.0 

1.0 1 .O 

4.0 2.0 

1 .O 

2.0 



Population trends of ring-billed gulls and common terns. the two most common colonial waterbirds associated with 
the St. Marys River, have been shifting in recent years. Common terns, once more common than ringbilled gulls, 
have been declining in numbers, while ring-billed gulls have been increasing. These trends are particularly evident 
in the St. Marys River, where shpping traffic has accelerated the erosion of dredged material islands. With thls 
loss of habitat, the larger, earlier nesting ring-billed gulls have been displacing common terns and other smaller 
species from nesting sites (Scharf, 1977, 1978, and 1981 and Scharf and Shugart, 1985). 

As reported by Duffj er al. (1987), "Double-crested cormorants are also increasing in numbers in the upper Great 
Lakes, with this population now in the logarithmic phase of growth (Scharf and Shugart, 1985). The success of 
doublecrested cormorants is attributed to an abundant food supply, declines in chlorinated hydrocarbon pollution, 
and possibly to protected nesting sites'. 

There also appears to be an increase in the nesting population of greater sandhill cranes. This species nests and 
feeds in wetlands along the Michigan and Ontario shores, and also inhabits more inland areas on St. Joseph Island 
and open fields in Cbippewa County, Michigan. 

6.8.1.2 Contaminants in Birds 

As of 1986 the only information on contaminants in birds was a monitoring study carried out from 1984 to 1986 on 
the eggs of herring gulls and common terns in the Great Lakes Basin. This work is summarized by Kauss (1991) 
as follows: 

"Due to their habits, some 28 birds species are or could be used as biological monitors in the St. Marys 
River. Current monitoring is largely focused on such indicators as population stability, fledgling 
deformities and success, and on eggs, due to the susceptibility of embryos to organochlorine contaminants 
(Gilbertson 1974), and the effects of these substances on shell thickness (Wiemeyer er al., 1988). Table 
6.28 summar i~s  1984-86 data on organochlorine contaminants in the eggs of herring gulls and common 
terns, two piscivorous species that have been routinely used for monitoring in the Great Lakes Basin. It 
should be noted that these species are not permanent residents of the river, and therefore that contaminant 
levels in their eggs can reflect exposure of the adult female elsewhere. Mean concentrations of PCBs, 
p,pl-DDE and 2,3,7,8-tetrachlorodibenzo-pdioxin in herring gulls eggs from the St. Marys River colony, 
while elevated, are typical of other areas of the Great Lakes (i.e., upstream Lake Superior) or in the 
background range. Mean levels of total PCBs and p,p'-DDE were less in common tern eggs from the 
lower river than in herring gull eggs from Lake George. However, the highest individual PCB 
concentration in the former (7.3 mgkg) was within the range that could produce harmful effects in eggs 
(Edsall er al., 1988). These contaminant levels may also pose a threat to higher trophic levels (i.e., 
ospreys and bald eagles), particularly in the case of gulls which are increasing in numbers" (see Figure 
5.13 in Chapter 5)". 

A study investigating contaminant levels in breast meat of waterfowl collected along the St. Marys River was 
carried out by the Canadian Fish and Wildlife Service from the fall of 1988 to the fall of 1990. Results from thls 
survey are shown in Table 6.29. These data should be treated with caution because samples were collected d u r q  
the migration period and are by no means an indication of point source contamination. However, these data do 
indicate the level of contaminants in waterfowl that could be consumed by hunters. 

Concentrations of mercury in breast meat ranged from 0.13 to 0.46 mgkg with the highest values in common 
mergansers (Table 6.29). Most pesticides and herbicides were either not detected or very low. 
Concentrations of a r d o r  (PCBs) were detected in all waterfowl sampled with values ranging from 0.002 to 4.873 
mgtkg. Because there are no criterion for contaminants in birds the significance of these results is not known. 



Table 6.28 Organochlorine contaminants in eggs of pisciwrous birds in Lake Superior and the S t  Marys 
River, 1984-1986 (Kauss 1991). 

Species 

Hening Gull 

Common Tern 

Location Contaminant 

Agawa Rock p,p '-DDE 
(Lake Superior) Total PCBs 

1 ,2,3,4-TeCB 

Pumpkin Point, 
Lake George 
(St. Maqs  River) 

Lime Island 
(lower St. Maqs  River) 

p,p '-DDE 
Total PCBs 
13.4-TeCB 

23.7.8-TCDD 

p,p '-DDE 
Total PCBs 

Mean Concentration Source 
(rnglkg, wet weight) 

3.013.1 
12.0114.0 
0.0071NA 

Notes: NA - Not available 
TeCB - tetrachlorobenzene 
TCDD - tetrachlorodibenm-p-dioh 

Source: a - Canada Wddlife Semce (unpublished data for 198511986, C.V. Weseloh, pen. comrn. April, 1988) 
b - U.S. Fish and W~ldlife Semce (unpublished data for 1984 in Edsall et uf.. 1988) 

6.8.2 Mammals 

In total, 59 species of mammals have been recorded from the St. Marys River and its immediate environs 
(Appendix 6.12). 

6.8.2.1 Contaminants in Mammals 

Limited data are available on contaminant levels in mammals specific to the AoC. However, recent 
investigations throughout Ontario by the OMNR have identified high levels of cadmium in the kidneys and to a 
lesser extent, in the liver of moose, black bear and deer. Cadmium also showed a tendency to bioaccumulate 
with older animals having higher levels than the younger ones (OMNR News Release, October 20, 1988). The 
high cadmium levels were not specific to the AoC and a Province wide advisory was issued. 



Table 6.29 

S Lipid 
S Water 

Cd (0.02)' 
A s  ( 0 . 1 0 ) ~  

m (0.02)* 
k ( 0 . 1 0 ) ~  
Total Hg ( 0 . 0 5 ) ~  

1,2,4,5-TUB 
1,2,3,4-TUB 
PCB 
K B  

r K H  
b - K H  

g+=H 
Ocs 
oxyChl ordam 

t r m s i h l  ordane 
c I a i h l  ordanc 
t r m s  'nanochlor 

HIrex 
IE 
Dieldrin 
Aroclw (PCBs) 

Concentrations of organochlorine contaminants and metals found in breast muscles of 
waterfowl captured in the St. Harys River AOC from the fall of 1988 to the fall of 1990 
(Canadian ~ i i d l i f e  Service, unpublished data). 

5M 5M 1M Ud 11m 1 M 3M 1M I I r , l M  1M 
3F, 2U 2F. W In Zn 11 11 2F.11 1F Y, l H  1F 

5 5 1 2 1 1 3 1 4 1 

C r p L . t s  Prrptln C r p U e  EchoR., S t I l r y .  LcwarEctro S91 S t  Icry. S91 SQc 
591 Pt SQc S91 R. R., S91 1. 

1.82 1 .M 2.64 2.88 4.460 3.97 3.440 2.210 3.010 3.140 

' Naainal detect i m  1 lmlts 
la - 1-cure; M - odult;  F - feo~sle;  I4 - male; U - uJlnoun 
m = <0.001 mghg wet wt. B l d s  i rdicete  not analyzed for  that parimeter 
594 - Ssul t s t e .  n a r k  



6.9 REFERENCES 

Burt, AJ., D.R. Hart and P.M. M a t e  1988. Benthic Inwnebrate Survey of the St. Marys River, 1985. 
Volume 1 - Main R e p %  prepared for OMOE by Beak Consultants Ltd., Brarnpton, Ont. 88 pp. + append. 

Chandler, D.C. 1940. Limological studies of Western Lake Erie. I. Plankton and certain physical and 
chemical data of the Bass Islands region, from Septunber, 1938 to November, 1939. Ohio J. Sci., 40. 291-336. 

c* . 'I 
I- - I. 

,a , . . Chandler, D.C. 1942 Limological studies of Western Lake Erie. 111. Plankton and physical and chemical data 
- -C -.? from November, 1939 to November 1940. Ohio J. Sci, 42  24-44. 

Y 
'- \,, 

Chandler, D.C. 1944. Limological studies of western Lake Erie. IV. Relation of limnological and climatic 
factors to the phytoplankton of western Lake Erie. Trans. Amer. Microscop. Soc., 63. 203-2.36. 

Davis, Charles C. 1954. A preliminary study of the plankton of the Cleveland Harbour area, Ohio. 11. The 
distribution and quantity of the phytoplankton. Ecol. Monogr., 24. 321 -347. 

Davis, Charles C. 1%2. The plankton of the Cleaviand Harbour area of Lake Erie, in 1956-1957, Ecol. 
Monogr.. 32. 209-247. 

Davis. Charles C. 1964. Evidence for the eutrophication of Lake Erie from phytoplankton records. Lirnnol. and 
Oceanogr., 9. 275-283. 

Duffy, W.G. 1985. The population ecology of the damselfly, Leszes disjmcrur in the St. Marys River, Michigan. 
PhD. Thesis, Michigan State Univ., East Lansing, Mi., 119 pp. 

Duffy, W.G., T.R. Batterson, and C.D. McNabb 1987. The St. Mary River, Michigan: an ecological profile. 
U.S. Fish Wddl. Serv. Biol. Rep. 85(7.10). 138 pp. 

Duling and Benzie. 1989. Fish contaminant monitoring program, 1989 Annual Report. MDNR Report No. 
MIfDNRfSWQ-89-168. 

Duling and Benzie. 1990. Fish contaminant monitoring program, 1990 Annual Report. MDNR Report No. 
MIIDNRISWQ-90-077. 

Dutka, BJ. 1973. Coliforms are an inadequate index of water quality. 1. of Envir. Health. 36. 39-46. 

Edsall, T A .  PB. Kauss, D. Kenaga, T. Kubiak. J. Leach, M. Munawar, T. Naiepa and S. Thornley 1988. 
St. Marys River Biota and Their Habitats: A Geographic Area Report of the Biota Work Group, Upper Great 
Lakes Connecting Channels Study (UGLCCS), March, 1988. 73 pp. + append. 

Edsall, T . k ,  Manny, B A ,  Schloesser, D.W., Nichols, SJ. and Frank, AM. In press. Production of Hmgenia 
nymphs in contaminated sediments in the upper Great Lakes connecting channels. 

Edwards, CJ., PL. Hudson, W.G. Duffy, SJ. Nepszy, CD. McNabb, R.C. H a s ,  C.R. Liston, B. Manny and 
WDN. Busch 1989. Hydrological, morphometrical, and biological characteristics of the connecting rivers of the 
international Great Lakes: a review. In: D.P. Dodge (ed.) Proc. Int'l Large River Symp.. Spec. Publ. Fish. Aquat. 
Sci. 106 pp. 

Eriksen, C.H. 1%8. Ecological significance of respiration and substrate burrowing for Ephemeroptera, Can. J. 
Zool., 46: 93-103. 



Feldf L., E. Stoermer and C. Scheiske 1973. Occurrence of morphologically abnormal S p d m  populations in 
Lake Superior phytoplankton. Pages 34-39 in Proc. 16th Cod. Int. Assoc. Great Lakes Res. 

Fogcd, N. 1954. On the diatom flora of some Funen lakes. Folia L i o l .  Scand. 6. 75 pp. 

G i l b e ~ n ,  M. 1974. Pollutants in breeding hening gulls in the lower Great Lakes. Can. Field-Nat. 88: 273-280. 

Goodrich, C. and H. Van der Schalie 1939. Aquatic mollusks of the Upper Peninsula of Michigan. Univ. of 
Mich. Mus. -1. Mix. PuM. No. 43, 45 pp. 

Griffiths R.W., D.W. Schloesser, J.H. Leach and WP. Kovalak 1991. Distribution and dispersal of the zebra 
mussel ( h s e n u  p o l p q h z )  in the Great Lakes Region. Can. J. Fish. Aquat. Sci. Vol. 48, pp. 1381-1388. 

Harndy, Y, JD.  Kinkcad and M. Griffiths 1978. St Marys River Water Quality Investigations, 1973-74. OMOE, 
Wat Resources Br. Internal Rep. Toronto, Ont  53 pp. 

Hamilton, J.G. 1987. Survcy of critical habitat within International Joint Commission designated areas of 
concern, August-Nonmber, 1986. Report to OMNR, Fheries Branch, Toronto prepared by BAR.  
Environmental. 1 16 pp. 

Hesselberg, RJ .  and Y. Harndy 1987. Current and Historical Contamination of Sediment in the St- Mary 
River, 1987. UGLCCS Sediment Workgroup Report. 17 pp. 

Hiltunen, J.K. 1979. Investigation of macrobenthos in the St. Marys River during an experiment to extend 
navigation through winter, 1974-75. Admin Rep., U.S. Fh Wddl. Serv. Ann Arbor, Mi., 177 pp. 

Hitunen, J.K. and D.W. Schloesser 1983. The occurrence of oil and the distribution of Hemlpnia 
(Epharneroptera Ephemeridae) nymphs in the St. Marys River, Michigan and Ontario. Freshwater Invenebr. 
Biol. 2(4): 199-203. 

Hohn, KH. 1%9. Qualitative and quantitative analyses of plankton diatom. Bass Islands area, Lake Erie, 1938- 
1%5. Bull. Ohio Biol. Surv. 3. 1-211. 

Holland, R.E. 1965. The distribution and abundance of planktonic diatoms in Lake Superior. Publication No. 
13, Great Lakes Research Division. The University of Michigan. %-lo5 

Hopkins. GJ .  1983. Great Lakes nearshore water quality monitoring at water supply intakes, 1976-1981. Data 
Report DR 831101. Ontario Ministry of the Environment, Water Resources Branch. Toronto, Ontario. 19 pp. 
+ 2 append. 

Hopkins, GJ .  1986. The trophic status of nearshore waters in Lake superior at three Ontario water supply 
intakes, 1979-1984. Ontario Ministry of the Environment Report, Toronto, Ont., 21 pp. + append. 

Hunt, B.P. 1953. The life history and economic importance of a burrowing mayfly, Hemgenia Lirnbara, in 
southern Michigan Lakes. Mich. Dep. Conserv., Inst. Fh. Res., Bull. No. 4, 151 pp. 

Hutchinson, G.E. 1957. A treatise on limnology. Vol. 11: Introduction to lake biology and the lirnnoplankton. 
John W~ley & Sons, Inc., New York 11 15 pp. 

UC (International Joint Commission) 1914. Progress report of the International Joint Commission on the 
reference by the United States and Canada in re the pollution of boundary waters. Including report of the 
sanitary experts, 384 pp. + append. 



Pope, RJ .  1990. Analysis of benthic macroinvertebrate samples from St. Marys River sediment cores, 1987. 
Report prepared for Ontario Ministry of the Environment, Great Lakes Section, Toronto, Ontario by Tarandus 
Awociatu Ltd., Brampton, Ontario 58 pp. 

Putman, HD. and T A  Olsen 1961. Studies on the productivity and plankton of Lake Superior. Univ. of 
Minnesota, School for Public Health. 24 pp. + 14 tables and 13 plates. 

Rawon, D.S. 1956. Algal indicatiors of trophic lake types. Limnol. Oceanogr., 1. 18-25. 

Rodhe, W., R A  Vdlenweider and A Nauwtrck. 1958. The primary production and standing crop of 
phytoplankton. In: M Bunati-Traverso (ed), Pe~spectim in Marine Biology. Univenity of California Press, 
Berkley, California 261 pp. 

Rjder, R A ,  and S.R Kerr 1978. The adult walleye in the percid community -- a niche definition based on 
feeding behavior and food specificity. Am. Fd. Soc Spec. Publ. 11: 39-51. 

Scharf, W.C. 1977. Nesting and migration areas of birds of the U.S. Great Lakes. U.S. Fish. Wddl. Serv. 
EWSIOBS-77 12.363 pp. 

Scharf, W.C. 1978. Colonial birds nesting on man-made and natural sites in the U.S. Great Lakes. U.S. Army 
Corps Eng., Waterways Exp. Sm., Tech. Rep. D-78-10. Mcksburg, Miss. 165 pp. 

Scharf, W.C. 1981. The significance of deteriorating man-made island habitats to common terns and ring-billed 
gulls in the S t  Marys River, Michigan. Colon. Waterbirds, 4: 155-159. 

Scharf, W.C. and G.W. Shugart 1985. Population sizes and status recommendation for double-crested 
9 

cormorants, black-crowned night herons, Caspian terns, common terns, and Fonter's terns in the Michigan 
Great Lakes in 1985. 

Schelske. C., L. Feldf M. Santiago and E. Stoermer 1972. Nutrient enrichment and its effect on phytoplankton 
production and species composition in Lake Superior. Pages 149-165 in Proc. 15th Conf. Great Lakes Res., Int. 
Assoc. Great Lakes Res., Ann Arbor. 

Schindler, D.W. and J.E. Nighswander 1970. Nutrient supply and prinaq production in Clear Lake, eastern 
Ontario. J. Ffih. Res. Bd. Canada. 27. 2009-203f3. 

Schindler, D.W. and S.K Holrngren 1971. Primary production and phytoplankton in the Experimental Lakes 
Area, northwestern Ontario, and other lowcarbonate waten, and a liquid scintillation method for determining 
I4c activity in photosynthesis. J. Fish. Res. Bd. Canada. 28. 189-201. 

Schloeser, D.W. and J.K. Hiltunen 1985. Life cJrcle of a mayfly Hemgenia Limbara in the St. M a i y  River 
between Lakes Superior and Huron, J. Great Lakes Res. 10 (4): 435-439. 

Schloesser, D.W., T A  Edsall, B A  Manny and S. Nichols. 1991, in press. Distribution of Hemgenia nymphs 
and visibly oil-laden sediments in the upper Great Lakes connecting channels. 

Sclgeby, J.H. 1975. Lie  histories and abundance of crustacean zooplankton in the outlet of Lake Superior. 
1971-72. J.Fish. Res. Board Can. 32 461-470. 

Smith, G J. and G.H. Heinz 1984. Effects of industrial contaminants on common terns in the Great Lakes. US. 
Fish Wddl. Serv., Draft Rep. Study Plan 889 .O1 .01, Patwent. n.p. 



Smith, I.R.. CB. Portt and DA. Rokosh. 1991. Hepatic mixed function oidases induced in populations of 
white suker, (2uo.mmus commmoni, from areas of Lake Superior and the St. Mary River. J. Great Lakes 
Res. Vol. 17. pp. 382-393. 

Stockner, J.G. and W.W. Benson 1%7. The succession of diatom assemblages in recent sediments of Lake 
Washington. Limnol. Occanogr., 12. 513-532. 

Stoemtr, E.F. 1968. Nearshore phytoplankton populations in the Grand Haven, Michigan vicinity during 
thermal bar conditions. Proc. 11th Conf. Great Lakes Research. Internat Assoc. Great Lakes Res. 137-150. 

Stoemer,E.F. and JJ. Yang 1970. Distribution and relative abundance of dominant plankton diatoms in Lake 
Michigan. Great Lakes Research Div. Publ. No. 16. 1-64. 

Suns, K, G.E. Crawford, DD. Russell and R.E. Clement. 1985. Temporal trends and spatial distribution of 
organochlorine and merauy residues in Great Lakes spottail shiners (1975-1883). OMOE R e p *  Toronto, 
Ontario. 43 pp. 

Suns, K, G. Hitchen and D. Toner. 1991. Spatial and temporal trends of organochlorine contaminants in 
spottail shiners ( N m *  hudsoniu) from the Great Lakes and their connecting channels (1975 - 1988). Report 
prepared for the Water Resources Branch, Ontario Ministry of the Environment 

Thomas. M. and C.R. Liston 1985. Seasonal abundance of zooplankton in the St. Maqs River, Michigan. Mich. 
Acad. Sci. Arts Lett. 

UGLCCS 1988. Upper Great Lakes Connecting Channels Study, Volume 11. Report by Environment Canada 
and U.S. E P A  626 pp. 

USEPA 1991. Remedial Investigation Report for the Cannelton Industries Superfund Site. U.S. Environmental 
Protection Agency RI Report. 

Veal. D.M. and M.F.P. Michalski 1971. A case of nutrient enrichment in an inshore area of Georgian Bay. 
Proc. 14th Conf. Great Lakes Research. Internat. Assoc. Great Lakes Research. 277-292. 

Veal, D.M. 1%8. Biological survey of the St. Maxy River. Ont. Wat. Res. Comrn., Toronto, Ont, 23 pp. + 
append. 

Verschueren, K. 1983. Handbook of environmental data on organic chemicals. Second edition. Van Nostrand 
Reinhold Co. Inc.. Ncw Yo* N.Y. 1310 pp. 

Vollenweider, R.A. and C. Saraceni 1964. Un nuovo terreno nutritzio per la coltivazione di alghe plantoniche 
d'algua dolee. Mem. 1st. Ital. Idobiol. 17. 215-222. 

Vollenweider, R A ,  M. Munawar and P. Stadelman 1974. A comparative review of phytoplankton and primary 
productivity in the Laurentian Great Lakes. J. Fish. Res. Board Can. 31: 739-762. 

Wetzel, R.G. 1983. L i o l o g y ,  2nd ed. WB. Saunden College Publishing, Chicago, Ill., 858 pp. 

Wiemepr, SN., C.M Bunck and kJ. Krynitsky 1988. Organochlorine pesticides, polychlorinated biphenyls and 
mercury in osprey eggs -1970-79-and their relationships to shell thinning and productivity. Arch. Env. Contarn. 
Toicol. 17: 767-787. 



8'. ' 

C 
W~ggins, GB. 1979. Larvae of the North American cddisfly genera (Trichoptera), Univ. of Toronto Press, 401 , 

PP 

Wright S. and W.M. =dd 1933. Summary of Liiological Investigations in Western Lake Erie in 1929 and 
1930. Trans. of Amtr. Fd. Soc. 63. 271-285. 

Zenon. 1985. To devise and implement a revised monitoring scheme for persistent and toxic organics in Great 
Lakes sport fish. Report prepared for OMOE, Toronto, Ont. by Zenon Environmental Inc., Burlington, Ont 



7 ENVIRONMENTAL CONCERNS/USE l MPAIRMENT 





7.1 INTRODUCTION 

The obpctive of this chapter is to summarize the use impairments and water, sediment and biota quality 
problems described in Chapter 6 (Environmental Conditions). Annex 2 of the Great Lakes Water Quality 
Agreement of 1978. as amended in 1987. defines 'Impairment of Beneficial Use(s)' as '...a change in the 
chemical, physical or bidogical integrity of the Great Lakes System sufiaent to cause 
and of the following 

Restrictions on fish and wildlife consumption; 
Tainting of fish and wildlife flavour, 
Degradation of fish and wildlife populations; 
Fd tumours or other deformities; 
Bird or animal deformities or reproduction problems; 
Degradation of benthos; 
Restrictions on dredging activities; 
Eutrophication or undesirable algae; 
Restrictions on drinking water consumption, or taste and odour 
problems; 
Beach dosings; 
Degradation of aesthetics; 
Added costs to agriculture or indusuy, 
Degradation of phytoplankton and zooplankton populations; and 
Lass of fish and wildlife habitat" 

Several of these use impairment categories are divided into subcategories for discussion purposes in this 
chapter to more clearly define the scope of the problems in the St. Marys River AoC. For example, 
'restrictions on fish and wildlife consumption' is divided into 'restrictions on fish consumption' and 
'restrictions on wildlife consumption'. 

A determination as to whether a specific use impairment exists in the St. Maxy River AoC was made using 
the ListingIDelisting Guidelines (Appendix 2.1) for Great Lakes Areas of Concern in conjunction with 
applicable standards, guidelines and objectives where available. In the absence of standards, guidelines or 
objectives, impairment status is based on best professional Ndgement from the evidence available. The 
status of benefiaal uses as well as exceedences of ambient standards, guidelines and objectives are 
summarized in Table 7.1. 

7.2 USE IMPAIRMENTS 

7.2.1 Restrictions on Fish and Wildlife Consumption 

7.2.1.1 Restrictions on Fish Consumption 

Contaminant levels in dorsal fillets of adult sport fish (1986, 1987 and 1989) from Ontario and Michigan 
waters in the St. Marys River Area of Concern are similar and, except for mercury, below applicable Health 
and Welfare Canada guidelines and Michigan Department of Public Health trigger levels. Levels of mercury 
exceeded both the Canadian and MDPH guideline and trigger level (05 mglkg) in fish captured in Ontario 
waters downstream of the Rapids and in Michigan waters in Munuxong Lake. 



Table 7.1 Summary of Great Lakes Water Quality Agreement beneficial uses and their significance and 
impairment status with regard to the St. Marys River Area of Concern. 

GLUM BmeflciaL Use 

R a t r i c t i o r a  m Fiah rd U i l d l i f e  - t f m  
Restr ict ions on Fish Consurption 

Consurption o f  W i l d l i f e  

Taintirrg o f  F ish ad U i l d l i f e  F lavow 

D w r e d e t i m  o f  Fish d W i l d l i f e  P q u l a t i o n s  
Dynamics of Fish Populations 

Body burdens 

Dynamics of Wi ld l  

Body burdens of W 

i f e  Populations 

i l d l i f e  

. - 

Fish T w  ad Other Deformit ies 

Requires 
assessment 

S l m i f  lc- to S t .  nu- R i v u -  

Fish consurption advisories are current ly  i n  e f fec t :  
(h ta r io  mercury: larger sizes of longnose sucker, white sucker, ualleye, 

northern p ike and lake t rou t  
l i c h i w  mercury: St. Harys River walleye in excess o f  48 cm (19 inches) 

PCBs: r e s t r i c t e d  consurption of broun trwt, lake t rou t  and rainbow trwt 
from Lake Huron and t r i b u t a r i e s  

Although there are no guidel ines fo r  hunan consurption, OnNR has advised against 
the consurption of kidneys and l i v e r  f r a n  moose, black bear and deer because o f  
high csctniun levels  f o r  the e n t i r e  Province o f  Ontario. 

Although there have k e n  no confirmed reports o f  ta in ted  f i s h  flavour, phenol 
concentrations at  l eve ls  which may cause ta in t ing,  have k e n  detected. A 
carprehensive study i s  required t o  evaluate the s tatus o f  t h i s  benef ic ia l  use. 

Large populations o f  sea larrprey are contr ibut ing t o  the l o r t r l i t y  o f  large 
migratory f i s h  such as salmon. 1986 through 1990 racorda ind icate 40 - 60 lrnprey 
wounds fo r  every 100 salmon taken. Fish fama are diverse and healthy however, 
populations of na t i ve  f i s h  have k e n  rcduccd d asseablages have changed duc t o  
habi ta t  a l terat ion,  overf ishing, p o l l u t i o n  and stocking. 

Lou levels of PCBs, chlordane, BHC and DOT have been f o u d  i n  j w e n i l e  ye l lou 
perch and s p o t t a i l  shiners. Adult f i s h  contaminants include mercury, PCBs, and 
detectable levels  of chlordane, DDT, BHC, m c h l o r s ,  d ie ld r in ,  
pen tach lo roknzm,  hexachlorobenzen and octachlorostyrene. E f fec ts  o f  these 
chemicals on f i s h  are not knom. 

U i l d l i f e  populations appear t o  be s table o r  increasing (i.e. cbhle-breasted 
cormorants) but assessment c r i t e r i a  i s  required. C o r r m ~ n  te rn  populations are 
decreasing whi le r i n g - b i l l e d  g u l l  populations increase due t o  a dec l ine i n  nesting 
habi ta t .  

Kercrrty concentrations i n  water fod breast meat ranQed f r a n  0.12 t o  0.46; aroclor 
(PCBs), detected i n  a l l  specimens, ranged f ran  0.002 t o  4.873 mglkg; however there 
i s  no c r i t e r i a  avai lab le fo r  assessment. 
- - - -- 

Inpaired due t o  the incidence of l i v e r  tunwrs  i n  b r o w  bullhellds f r a n  Muxrscong 
Bay. Uhi te  suckers, captured domeitream o f  the Rapids along the Ontario shore i n  
1987, showed s i g i n i f i c a n t l y  higer levels  of mixed f v r c t i o n  oxidases (UFO) i n  t h e i r  
l i v e r s  than d i d  f i s h  captured i n  Lake Superior. This i s  L ike ly  due t o  
contaminants i n  the St. Marys River water, sediment and benthos. 
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11 Consumption 

11 Taste and Odour Problems 

Ambient Water Quality 

Status 

Impaired 

Impaired 

Not impaired 

Impaired 

Sisnificance t o  St. Marvs River 

Bird or animal dsfiwmitiss have no1 heen found in the St. Marys River AoC nqr have reproductive 
prt)l~lelns hcen repofled. 

Bsnthic ccmununi~y health is p m d  on the Michigan side of the river. Benthic communities are moderately 
impairtd iln  he Onlario side I'rc~rii the Alponia Slag Site downstream 4 km. Impairment also occurs on 
I1oi11 sidss t11'tl1~ l ~ h e  Ch~rge Chatinel. withiti Little Late Gsi~rge and thc n o d l  end of Late Gcorge. 

Arienic, niersury and PCBs tend to bioacuuni~ilale in benthic organiurns. Caged mussels placed 
di)wns~rean~ c ~ f  the Algoma Slip acquired the highest total PA11 levels. Total PAH levels were low in  
niuvssls placed upstream of  the Algama Slip and near the Michigan shore. The eflects of these 
contaminants on benthic organisnls is not known. 

Contaminated dredge spoils from the Algoma Slip must be disposd o f  on an upland waste site. Dredge 
spoils from navigation channels have always been approved for open water disposal. 

Sediments from the following sites: downstream of  the A lgom Slag Site along the Ontario l o re ;  on both 
sides o f  the Lake George Channel; Little Lake George; the notihem half o f  Lake George; the Michigan 
shore adjacent to the Cannelton Industries waste site; the head o f  h e  St. Joseph a d  Well Neebish 
Channels; and Lake Munuscong had conlaminant levels that exceeded OMOE guidelines or U.S.EPA 
guidelines for the disposal o f  conlaminated sediment. 

Citizens have repofled excessive amounts o f  algae in embayments and slow moving pads o f  the river 

downstream of  the East End WPCP. Open waten o f  the St. Marys River reflect the oligotrophic (nutrient 
poor) character of Lake Superior waters. Conditions in  embaymants and slow moving area8 o f  the river 
have not been documented. 

rreated water consumption iruni municipal sources has never been rcstriclcd however, ambient cwditions 

n the waler restrict consumption prior lo treatment. 

Faste and d o u r  problems have not been reported. 

Exceedcnceof ambient water quality criteria in the St. Marys River. Localized impairment. Exceedences 
~f criteria for dissolved oxygen, turbidity, phenols. tohl  and unionized ammonia, iron, toul phosphorus, 
'AHs and bacteria occur downstream of  Ontario discharges. Cyanide exceedences were not recorded in 
he 19Rb/R7 OMOE survey. 





As a result, the Ontario government has issued restricted consumption advisories for larger sizes of longnose 
sucker, white sucker, walleye, northern pike and lake trout. The MDPH has issued a consumption advisory for 
walleyes larger thnn 48 cm (19 inches). 

Michigan fish consumption advisories for Lake Huron also apply to tributaries into which migratory fish enter. 
The MDPH has i d  a restricted consumption advisory for brown trout less than 53.3 cm (21 inches), lake 
trout and rainbow trout while issuing a no consumption advisory for brown trout over 53.3 cm (21 inches) taken 
from Lake Huron. The consumption advisories on these Lake Huron fish were issued because of PCB 
contamination and apply to the St. Marys River. 

This beneficial use is impaired. 

7.2.1.2 Restrictions on Wildlife Consumption 

There are no formal advisories currently in place for the consumption of wildlife by humans. The Ontario 
Ministry of Natural Resources has recommended a Province wide consumption restriction of kidneys and liver 
from moose, black bear and deer because of high levels of cadmium. 

7.2.2 Tainting of Fish and Wildlife Flavour 

The Michigan Department of Natural Resources has investigated incidental reports of tainting and has not found 
substantive evidence. A 1990 MDNR survey, conducted with local sport fishermen, reported no incidents of 
tainted fish. However, total phenol concentrations have exceeded PWQO (1986 and 1987) and may contribute 
to the tainting of fish flavour. 

This beneficial use requires further assessment. 

7.2.3 Degradation of Fish and Wildlife Populations 

7.2.3.1 Dynamics of Fish populations 

The increasing population of adult spawning sea lamprey in the St. Marys River suggests that sea lamprey are 
contributing to the increased mortality of fish, particularly salmon and lake trout in Lakes Huron and Superior. 
Migratory species such as salmon show a high incidence of wounds (40-60 wounds per 100 fish, 1986-1990). 
The St. Mnrys River has become a major spawning ground for sea lamprey and the chemical treatment of 
lamprey larvae will be difficult and expensive due to the rivers large size. 

The fish community in the St.Marys River is diverse and includes 74 species of warm, cool and coldwater fish. 
Harvest and catch per unit effort (CUE) have improved in recent years as a result of the introduction of exotic 
species including pink and chinook salmon and rainbow trout. Stocking of Atlantic salmon, chinook salmon, 
rainbow trout, brown trout, walleye and lake trout by MDNR and chinook salmon, rainbow trout and brown 
trout from municipal hatcheries in Sault Ste. Marie, Ontatio, have contributed to the fishery. Populations of 
native species such as lake whitefish and lake herring have declined due to ovedishhg. 

Population reductions are suspected due to alteration of fish spawning habitat through alteration of the Rapids 
and dredging and filling throughout the AoC. Overfishing, exotic species and decreases in benthos populations 
may also affect fish populations. 

Although the fish populations appear to be healthy, public concerns axe now beiig raised suggesting that native 
fish populations, such as lake whitefish and lake hening, are declining b u s e  of the introduction of non- 
indigenous species. Stocking efforts concentrate mainly on the introduced species, such as salmon and rainbow 
and brown trout, for sport fishing and native fish species are taken by tribal commercial and 



subsistence fishing. Quantitative data supporting this concern is not available and it is not known what 
impact the emtic species have on native species habitat 

This beneficial use is impaird. 

7.2.3.2 Body Burdens of Fish 

Analysis of whole, pmg-of-theyleaf w o w  perch and spottail shinen (which are routinely sampled to assist 
in pinpointing sources of contamination) have shown that levrcls of PCBs, chlordane, BHC, DDT and its 
metabolites, miry and chlorinated benzenes, aliphatiu and phenols are tither not detected or below the 
GLWQA objectiw for the protection of birds and animals which consume fish (Section 6.7.12). PCBs in 
adult white sucker and carp from the S t  Mary and Tahquamenon Rivers are above the GLWQA objective. 

7.2.3.3 Dynamics of Wildlife Populations 

Wetlands around the S t  Ma* River are significant staging grounds for waterfowl such as mallards, common 
mergansers, common goldeneye, black ducks. blue- and green-winged teal and the american widgeon. The 
river is also a main corridor for dabbling ducks and a variety of migrating waterfowl. Population changes in 
waterfowl haw not been assessed. 

Ring-billed gulls and common terns are the two most common colonial waterbirds within the S t  May River 
Area of Concern. Populations of common terns. once more common than ring-bied gulls, have been 
declining while ring-billed gull populations have been increasing. This trend is most evident where shipping 
traffic has accelerated the erosion of dredged material islands. hence decreasing nesting habitat. The earlier 
nesting and larger ring-bied gulls have been replacing the common terns in a competition for nesting 
habitat 

Populations of double-crested cormorants have increased logarithmicaly due to an abundant food supply, 
declines in chlorinated hyimwbon pollution and possibly protected nesting sites @uffy a al., 1987). Other 
waterbird populations, i.e. Mack terns and great blue herons, appear to be stable. 

The number of young produced by osprey and bald eagles in the S t  Marys River AoC have increased in 
recent years. However, Edsall a al. (1988) caution that because they may feed on contaminated fish, herring 
gulls, ring-billed gulls and diving ducks, their reproductive future is still in jtopardy. 

The S t  Marys River AoC also provides a d l e n t  habitat for amphibians reptiles and mammals. Population 
changes in these other wildlife groups h m  not been assessed 

7.2.3.4 Body Burdens of Wdlife 

Kauss (1991) states that approximately 28 bud species arc or could be used as biological monitors in the 
S t  Maqs River. Monitoring io the S t  Maqs River AoC presently focuses only on the organochlorine 
cotl taminants in the eggs of herring gulls and common tern (See section 725). 

Concatrations of mercury in breast meat ranged from 0.13 to 0.46 mglkg with the highest values in 
common mergansers. Most pesticides and herbicides were ather not detected or very low. 
Concentrations of &or (PCBs) were detected in all waterfowl sampled with values ranging from 0.002 to 
4.873 mglkg. Because there arc no criterion for contaminants in birds the significance of these results is not 
known. 



7.2.4 Fish Tumours or Other Deformities 

Information on the incidence of fish tumours or skin diseases (e.g. lymphocystis and dermal sarcomalfibrous, 
which are both caused by viruses) in the AoC is scarce and ambiguous. An investigation by the United States 
Fish and Wildlife Service indicated that the incidence of liver tumours in brown bullheads from Munuscong Bay 
was higher than would be expected for a control site (Paul Baumann, U.S.FWS, pers. comm.). An explanation 
for this anomaly could not be determined. 

A fish turnour survey was conducted by OMOE in the St. Marys River during 1987. White suckers captured 
below the Rapids along the Ontario shoreline showed significantly higher mixed function oxidases (MFO) in . 

their livers (oxygenating enzymes induced by exposue to certain chemicals) tban fish captured from Batchawana 
Bay (control site) in Lake Superior. This increase likely reflects localized contamination in the sediments, 
water and benthic invertebrates of the St. Mnrys River (Smith et aL, 1991). An abnormal incidence of liver 
neoplasms has also been identified in white suckers from the St. Marys River; however, the frequency was also 
elevated in suckers from the control population in Batchawana Bay. This data is being reevaluated (Smith, 
OMOE, unpublished data). 

This beneficial use is impaired. 

7.2.5 Bird or Animal Deformities or Reproduction Problems 

Bird or animal deformities have not been found in the St. Mary River AoC, nor have reproduction problems 
been reported. 

A 1984-86 survey of organochlorine contaminants in the eggs of herring gulls and common terns, two 
piscivorous species that have been routinely used for monitoring in the Great Lzkes Basin, found that mean 
concentrations of PCBs, p,p'-DDE and 2,3,7,8-tet~pchlorodibenu>-p-dioxin in herring gulls eggs from the 
St. Marys River were elevated but arc typical of other areas of the Great Lakes (i.e., upstream Lake Superior). 
Mean levels of total PCBs and p,pf-DDE were less in common tern eggs from the lower river than in herring 
gull eggs from Lake George. However, the highest individual PCB concentration in the former (7.3 mgtkg) 
was within the range that could produce harmful effects in eggs (Ed& a al., 1988). It must be noted that 
herring gulls and common terns arc not permanent residents of the river and that contaminant levels in their 
eggs may reflect exposure of the adult female elsewhere. 

This beneficial use is not impaired. 

7.2.6 Degradation of Benthos 

7.2.6.1 Dynamics of Benthic Populations 

Burt et al. (1988), demonstrated that industrial and municipal discharges severely impacted the benthic 
macroinvertebrate communities in the Algoma Slip and in downstream embaymeats along the Ontario shoreline. 
Moderate imppirmart was generally restricted to a narrow band approximately 500 m wide, extending 4 km 
along the Ontario shore downstream of the industrial discharges. Some racovcty was apparent about 5 km 
downstream from the Algoma Steel and St. Mary Paper discharges however, complete recovery did not occur 
until the lower section of Lake George, some 24 km do- from these discharges. Clean water 
(unimpaired) fauna characterized the non-industrinlized Michigan shore, the entire river upstream of pollutant 
sources, and h k e  Nicolet. 

Despite considerable reductions in various contaminant concentdons in the river including phenols, ammonia, 
oil and grease, cyanide, etc., substantial improvements have not been observed in the AOC's 



benthic communities. Sediments continuing to ha= vtiMe d y  residues are characterized by low numbem or 
the complete absence of lame of the burrowing mayfly Hcxllgenia limboto. Populations of Hungenia 
limbafa, an important food source for scural fish species, are also depressed by high concentrations of oil, 
cyaaide and heavy metals in sediment. 

This bendiaal use is impaired. 

7.2.6.2 Body Burdens of Benthic Organisms 

Sediments heavily contaminated with heavy metals an generally considered to affect benthic organisms, 
either by completely eliminating communities or by redudng their diusity or productivity. Metal 
conantrations in sediment-dwelling organisms (tubificids) generally correlate poorly with concentrations 
sediment With the cxqtian of arsenic and mercury, historical and current loads do not appear to be 
accumulating in benthic organisms in the St Marys River. Arsenic and merauy are the only metals that 
appear to be bioarmmulating in benthic organisms. 

Organic contaminant accumulation was generally low, with only some of the more persistent organics (PCBs) 
accumulating in organic tissues of benthic organisms. However, mussels exposed to rivcr water near and 
downstream of Ontario industrial and municipal discharges awunulated higher levels of certain PAH 
compounds than did mussels located upstream of the discharges. PAH accumulations in mussels located 
along the Michigan shoreline were generally lower than those near the Ontario shore. Mussels exposed near 
the Algoma Slip had the highest PAH levels. Nevtrtheless, concentrations of buuo(a)pyrene wtre well 
below the proposed IIC obpctivc of 1 mglkg for organisms serving as a food source for fish. 

7.2.7 Restrictions on Dredging Act'bities 

Dredge spoils from the navigation channel have always been approved for open water disposal (USACOE 
Data Files). Sediments dredged from the Algorna Slip arc disposed of on upland facilities. Contaminants in 
sediments from the Algoma Slip uwed the most stringent Ontario OWDG or "moderately polluted" US. 
EPA guidelines for dredged materials. These contaminants include iron, zinc, cyanide and oil and grease. In 
addition. total PAHs acceded the proposed Ontario Sediment Quality Guideline of 2.0 mglkg. 

Sediments downstream of the AIgoma Slip and along the Ontario shore, in Little Lake George and Lake 
George cuxeded guidelines for dredged materials (OWDG and U.S. EPA) for iron, chromium, zinc, lead, 
arsenic, manganese, nickel, copper, oil and grease, PCBs, LOI, total phosphorus and TKN. Total PAHs 
acceded the proposed Ontario Sediment Quality Guideline at these locations. 

Lake N ~ d e t  mcdences included iron, chromium, dnc, lead, arsenic, manganese, nickel, copper, cadmium, 
oil and gr- PCBs, LOI, total phosphorus, and TKN. clmmium, nickel, copper, m e w  (one sample), 
and PCBs =re d a d  in Munucong Lake. Chromium and cadmium cxcdence~ occur at the head of 
the St Marys River along the Michigan shore at the Cannelton Industries waste disposal site. 

Naturally occurring copper and chromium in bedrock and soils contribute to levels found in St Marys River 
sediment. 1987 badrground concentrations from Mark Bay exceed the US. EPA moderately polluted 
guideline. 

This benefiaal use is impaired. 

7.2.8 Eutrophication or Undesirable Algae 

Most of the available information is based on open water areas of the St Marys River where residence time 
is short Lake Superior is the source of most of the St Marys River water, phytoplankton, with diatoms, 



chlorophytes and chrysophytea dominating both water bodies. The most important larger phytoplankton species 
are typical of oligotrophic (nutrient poor) waters. 

Although waters of the St. Marys River reflect the oligotrophic character of M e  Superior, total phosphorus 
guidelines have been exmeded dong the Ontario shoreline downstream of the East End WPCP. The addition of 
total phosphorus can cause rapid algal growth and citizens have reported excessive amounts of algae in 
embayments and slow-moving parts of the river. During the summer of 1990, OMOE received a number of 
citizens' complaints regarding floating algae on the river below the E a t  End WPCP. 

This beneficial use is locally impaired. 

7.2.9 Restrictions on Drinking Water Consumption or Taste and Odour Problems 

7.2.9.1 Consumption 

In Michigan, ambient water quality conditions do not restrict use of the St. Marys River, subsequent to standard 
treatment, as a source of potable water. The City of Sault Ste. Marie, Ontario now obtains approximately 50% 
of its drinking water from an intake located in near-shore Lake Superior at Gros Cap, upstream of point source 
discharges. Drinking water is also obtained from city wells. There have been no instances in Sault Ste. Marie, 
Ontario where restrictions have been implemented by the Algoma Health Unit for the consumption of treated 
drinking water (Wes Terry, Algoma Health Unit, pers. comm.) however, federal, state and local agencies 
advise against the consumption of surface water prior to standard treatment. 

This beneficial use is not impaired. 

7.2.9.2 Tastes and Odour Problems 

Densities of blue-green or chrysophytic algae and concentrations of phenolic compounds do not occur at levels 
which would adversely affect taste and d o u r  of treated drinking water. Taste and d o u r  problems have not 
been reported for St. Mary  River water. 

7.2.10 Impairment of Ambient Water Quality 

Ambient water quality criteria have been exceeded in the St. Marys River. Exceedences of dissolved oxygen, 
turbidity, phenols, total and un ion id  ammonia, cyanide, iron, total phosphorus, PAHs and bacteria have been 
documented downstrerun of Ontario industrial and municipal discharges along the Ontario shoreline. 1986187 
sampling indicates that cyanide levels were below the PWQO and MWQS criteria. Levels of bacteria and 
phenols showed exceedences in Michigan waters downstream of the locks. Bacterial densities, total phosphorus 
and free and unionized ammonia exmeded PWQO and MWQS downstream of the East End WPCP in the Lake 
George Channel. 

This beneficial use is impaid. 

7.2.1 1 Beach Closings and Body Contact 

In Michigan, total body contact advisories against swimming and bathing were periodically issued in 1989 by 
the Chippewa County Health Department in response to elevated fecal coliform levels caused by combined 
storm sewer overflows, however, no beaches have been closed. The Sherman Park Beach, located at the head 
of river upstream of all dischargts, and the Sugar Island Township Park beach located on the northwest shore of 
Sugar Island, have never been closed and high levels of bacteria have not been found. 



F d  coliform bacterial densities in upcess of the PWQO and MWQS occur in Ontario and Michigan waters 
downstream of storm sewers, combined sewer overflows (Michigan), industrial outfalls and the East End ? 

WPCP (Ontario). 

This beneficial use is impaired. 

7.2.1 2 Degradation of Aesthetics 

Hoating sczlm along the north shore of Sugar Island in Michigan is periodically reported. In Ontario, mats 
d oily fibrous material mixed with wad chips occasioaally occur betwten Sault Ste. Marie and the Lake 
George Channel. As w d l ,  oil slick appear from time to time downstream from the Algoma Slip and 
Terminal Basin. Since March 1990, no complaints of floating oil have been r e c e i d  This may be a result 
of improvements made at Algoma Steel (G. LaHayc, OMOE, pen. comm.). 

This beneficial use is impaired. 

7.2.1 3 Added Cost to Agriculture or Industry 

When additional costs are required to treat water prior to use for agricultural or industrial purposes, this use 
category is considered to be impaired 

In both Michigan and Ontario, no additional treatment costs to current agricultural and industrial wen haw 
been identified, consquently, impairment is unlikely. 

This beneficial use is not impaired. 

7.2.1 4 Degradation of Phytoplankton and Zooplankton Populations 

In open water phytoplankton and zooplankton populations are low in terms of abundance and relativtly 
diverse in terms of cocnmunity structure and reflect the digotrophic characteristics of Lake Superior waters. 

Phytoplankton and zooplankton populations have not been documented in nearshore areas of the St. Maqs 
River where waten are slow moving and residence is long. There is no information to determine if plankton 
populations are impaired by con taminants. An ~SS~SQIIUI~ of plankton in embayments and slowmoving 
watts is required because of impaired ambient water quality. 

This beneficial use is not impaired in open water. 

7.2.15 Loss of Fish and Wildlife Habitat 

FIsh habitat, particularly in the St. Marys Rapids, has bem altered over the past century through the 
construction of locks, power canals, hydroelectric facilities. compensating aforks, shoreline infilliog and 
dredging. As a resulG fish spawning and rearing habitat in the Rapids is subject to dewateriqg, with 
attendant adverse impacts on fish habitat mostly in a reduction d spawning area and food supply muss 
1991). In 1985 a bum was constructed along the Ontario side of the rapids, parallel to Whitefish Island to 
maintain a suitable flow rate within the bermed area and Whitefish Channel. However, the water diverted to 
sustain flows within t h w  areas has dewatered Jections of the river bed on the Michigan side and has created 
inadequate dischuge on the Ontario side. 

Industrial development on the Ontario side of the rim is also felt to ha* had a negative impact on fisheries 
habitat through alteration and removal of benthic communities which are a food source for fish. 



In the lower river, dredging and filling, shoreline development and natural fluctuating water levels have resulted 
in wetland losses (Krishkn 1989) and littoral zone degradation resulting in loss of fish and wildlife habitat. 

On-going aggregate extraction in Whitefish Bay of Lake Superior is being monitored to determine impacts on 
whitefish spawning grounds. 

Agricultural practices, deforestation and road building affect water quality and quantity and physical fish habitat 
in the tributaries in the catchment due to sedimentation, stream bank alteration, increases in water temperature 
and decreases in flows during mid summer and winter. These tributaries are often important spawning and 
nursery habitat for game fish such as sturgeon, trout, salmon and walleye (J. Atkinson, OMNR, pen. comm.) 

Emergent wetlands and their related fisheries and wildlife may be susceptible to adverse impacts resulting from 
the passage of commercial and recreational boats and the associated changes in current direction and velocity. 

This beneficial use is impaired.. Fish and wddlife management plans are needed so that the scope of impairment 
can be determined in order to develop habitat goals. 
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8 SOURCES AND LOADS 





8.1 INTRODUCTION 

Factors impacting on water quality, sediment and biota in the S t  Matys River Area of Concern (A&) relate 
primarily to contaminants cuntributed via point sources and non-point sources and human activities such as 
shipping and water level regulation over the Rapids. Direct point sources are defined as those fadlitis that 
didurge their effluents directly into the S t  Marys River via man-made pipes and sewers. These point 
sources include both municipal sewage treatment facilities and industrial process or waste streams. 
Nonpoint swrces arc diffuse inputs which reach the river from multiple points of origin via natural and 
man-made delivery mechanisns. These non-point include atmospheric deposition, intermittent stomwater , 

dischqes, combined sewer mrflows, nual land nmoff, navigation, groundwater migration (iiuding 
c00.tributions from waste disposal sites) and release from bottom sediments. 

Contaminants of concern for the S t  Ma* Riwr AoC were identified in Chapter 6 on the basis of known 
impacts to water quality, sediment or biota based on guideline d c n c e s  or biotic impairment These 
cw taminants include oonmtional, organic and iaorganic parameters for which soufces are known in the S t  
Marys Riwx Area d Concern. The primary amtaminants of concern are: 

Conventional / Inorganic Contaminants 

cyanide 
ammonia-N 
bacteria 
total phosphorus 
LO1 
TKN 
oil and grease 
arsenic 
cadmium 
Chromium 
copper 
iron 
lead 
ma='w'== 
mercury 
nickel 
zinc 

Organic Contaminants 
total phenols 
total PAHS 
PCBs 

In summarizing sources of contaminants to the S t  Marys River, the UGLCCS (1988) concluded that AIgoma 
Steel, St. Marys Papa and the East End and West End Water Pdution Control Plants (WPCP) on the 
Ontario side d the river were the major point souras of iadividual amtaminants. Atmospheric inputs, 
urban W, Beanett and East Davilyloa Creeks, and four waste sites (Algcnna Sag Site, Cannelton 
Industria Site, Superior Station 3 Mile Site and the Union Carbide Site) were identified as major or 
potential ncmpoint sources d contaminants. The 753 Radar Station area is a site of environmental concern. 



8.2 POINT SOURCES 

Mapr Ontario pin3 sounw to the St  Marys River AoC include the effluent from taro muniapal Water 
Pollution Control Plants (WPCP); and tw mapr industrial facilities representing the iron and steel and pulp 
and paper sectors ( E ; i  8.1). The point source &ta a d a b l e  for review at the time of writing, consists of 
the 1986 data reported in the UGLCCS (1988) final report as well as 1988 self-monitoring data and industrial 
dischargers reports (OMOE 1989a and b). Data for 1989 for the Ontario WPCPs are also included. 

The only mapr Micbigan point source is the Sault Stt. Marie, Michigan Wastewater Treatment Plant 
m) (F~gure 8.1). Compliance monitoring data are available for recent ytats including 1990. 

8.2.1 Municipal Point Sources 

8.2.1 .I Ontario 

The muniapal WPCPs which discharge directly to the AoC, are the Sault Ste Marie (East End) WPCP and 
the West End WPCP. Loadings data are a d a b l e  for these facilities from 1984 through 1989 for BODS 
suspended solids and total phosphorus (OMOE 1985,1986,1987,1988,1989a and 1990a). Earlier data for 
BOD5 and total phosphorus were reported in UGLCCS (1988). The WPCPs serve a combined urban 
population of about 85,000 people. 

The -Stc WPCP is a primary treatment facility. .Continuous phosphorus removal via 
chemical treatment was added to the plant in April of 1989. It discharges directly to the St Marys River 
(Lake George Channel) and has a design treatment capacity of 5455 X 1000 m3 per day. The Certificate of 
Approval (CofA) for this facility requires 30% removal of BOD5 and 50% removal of total suspended solids 
(TS). There was no criterion for total phosphorous (TP) prior to April 1989; since then it is 1 mg/L. The C 

plant is currently undergoing further expansion with additional adjustments required for the new chemical 
treatment process which is not operating at design effiaency. This facility r&ves the effluent from a 
combination of residential, commercial and small industrial users. 

During 1988, the Sault Ste Marie (East End) WPCP was in compliance for TSS and BODS. On an annual 
average basis, 61% of the BOD5 and 77% of the TSS wtre removed. The average annual concentration of 
TP was 33 mg/L. The maximum average monthly concentration of TP in the effluent was 6.9 mg/L which 
occurred in February. Average daily flows did not exceed the plant capacity (5455 x ld m3 in any month 
during 1988. 

During 1989, the Sault Ste Marie (East End) WPCP was again in compliance for TSS and BODS. On an 
average basis, 64% of the BODS and 78% of the suspended solids wtre removed. The average annual 
concentration of TP was 1.79 mg/L during 1989. A phosphorus treatment f d t y  became operational in 
April 1989. The average TP concentration betwten April and December 1989 was 1.46 mg/L which was less 
than the annual avenge amcentration. However, the TP criterion of 1 mg/L was not met during any month 
in 1989. Average daily flows exceeded the plant's capacity only in the month of April (OMOE 1990a). 
Searage uoceeding the plants capacity is chlorinated before discharge. 

Table 8.1 show the average annual loadings of BODS, suspended solids and total phasphorus as wed as the 
average annual flows for both the East End and West End WPCPs for the period 1984 through 1989. 

During high flow periods, the hydraulic capacity of the plant may be exceeded resulting in the bypass of 
untreated sewage directly to the river. There wtre no bypas occurrences reported for the East End WPCP 
during either 1987 or 1988 (OMOE 1988,1989a). 





Table 8.1 A ~ r a g e  annual 1984 through 1989 loadings of BODS, suspended solids and total 
phosphorus and flow wlume for the tvm Ontario WCP's which discharge to the St. Mary 
RiHr AoC (OMOE 1985,1986,1987,1988,1989a and 1990a). 

BOD, Suspended Total Flow 
Facility (kdd) Solids Phosphorus (m ?day) 

(kd4 (kdd) 
Sault Ste. Marie 1 1984 1 3814.04 1 283184 1 211.13 I 45.897 

I I I I 

(East End) WPCP 
301 1.71 1 21268 1 50.279 

1986 

1987 

1988 - 
1989 

West End WPCP 1986 

1987 

* Wat End WPCP started-up in March 1986 
NA Data not available 

Figures 8 2  through 8.4 show historical loading trends at the Sault Ste. Marie (East End) WPCP for BODS, 
suspended sdids and total phosphorous. respectively. Figure 8 5  shows the average daily flows from 1984 
through 1988. The historical data show increasing BODS and TP from 1%8 to 1983 (Figures 8 2  and 8.4). 
These increases were probaMy due to ovtrloading the system because of population growth (UGLCCS 1988). 
More reant loadin@ of BODS, total phosphow and suspended solids show a marked dedine beginning in 
1986 and continuing through 1989 (Figures 8 2  to 8.4). These reduced loadings are paralleled by lower 
average flows during the same period 85). However, the percentage decline in loadings of all three 
parameters is much greater than for the flow (compare Figures 8 2  - 8.4 to Rgure 85). Flow and total 
loadings decreased in 1986 (Table 8.1). Sewers d d n g  the arestern part of Sault Ste. Marie were divtrted 
to the new plant 

The trend for TP is particularly interesting with large reductions oazlrring in 1981 relative to previous ycan 
(Fqpre 83). The 1989 loading d phmphonrs was the lowest on record, men though the concentration 
criterion was d e d  during each month. The 1989 load@ of phosphow wue approximately oncthird 
thosc of 1973 and less than one-half those of 1%8 (F~gure 8.4). 

From Table 8.1 it is also apparent that the reduction in loadhgs at the East End WPCP was not 
cornpenrated by in- loadings from the West End WPCP. The total 10- from the taro facilities 
betarcen 1986 to 1989 still represent a large reduction from those of only the East End WPCP prior to 1986. 
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The WPCP is a secondary treatment facility (conventional activated sludge) with continuous 
phosphorus runoval. It discharges directly to the St. Marys River (Leigh Bay) and has a design treatment 
capadty of 18.18 X 1000 m3 per day. The CofA for this facility requires final effluent concentrations of 
25 mg1L for both BOD5 and TSS and 1.0 mg1L for TP. There are no remedial measures currently under 
way or planned for this plant. The West End WPCP primarily services residential users. 

During 1988, the West End WPCP was in compliance for all three parameten in all months. The annual 
a w e  effluent coocentrations were 9.9 mgIL, 6 2  mg1L and 0.7 mg1L for BOD5, suspended solids and TP, 
respectively. The design treatment capaaty was not exceeded in 1988 based on the daily flow averaged on a 
monthly basis (OMOE l989a). 

In 1989, the West End WPCP average annual effluent concentrations were in compliance for BOD5, TSS 
and TP. The annual average effluent concentrations were 15.8 mgIL, BODS; 14.4 rng/L, TSS; and 
0.7 q / L ,  TP. Howvtr, monthly criteria were exceeded in March and especially September when BODS 
d TSS mere double (51 5 mg1L BOD5 and 51. mg1L TSS) their respective criteria. TP exceeded the 
criterion only in the month of September 1989. The design treatment capacity was not exceeded in 1989 
b a d  on the daily flow averaged on a monthly basis (OMOE 1990a). 

Although all effluent aiteria have been met for 1988 and all but two months during 1989 at the West End 
WPCP, monthly average concentrations of BOD5 and TSS have nearly doubled from 1988 to 1989. This is 
also shown in the annual average loadings of both parameters. which increased by 68 and 137 percent, 
respectively (Table 8.1). The 1989 increases reversed an overall decreasing trend in the average annual total 
loadings which occurred from the opening of the plant in 1986 until 1988 (Table 8.1). Loading of BODS and 
TSS in increased in 1989 due to equipment failures and plant upsets in March and September 1989. These 
problems have since been resolved (LaHaye. OMOE 1990). The total phosphorus loading increased by only 
1 5  percent during the same period. Awrage annual loadings of TP have remained virtually unchanged over 
the last three years of record (Table 8.1). 

A total of 3,800 m3 of sewage bypassed the Sault Ste. Marie (East End) fadlity during November 5 and 6, 
1988. There were no bypasses in 1989 (George Adarns. East End WPCP, pen. com, December 1990). 

Data for 1986 reported by UGLCCS (1988) identified the Sault Ste. Marie (East End) WPCP facility as 
having the highest loadings of all point sources to the St. Maqs River for 17 PAHs (0.417 kgld), total 
phosphorus (90 kgld), mono- and didoraxnine (264 kgld), chlorinated benzenes - chloroethen 
(0341 kgld); and the second highest loadings of oil and grease, (350 kgld), ammonia (1% kgld), chloride 
(TO1 1 kgld), total metals (47 kgld), dati les (1.06 kgld) and chlorinated phenols (131 kgld). Other point 
sources of these contaminants include Algoma Steel, St. Maqs Paper, The West End WPCP, and East 
Davignon, Fort and Bennett Creeks. These loadings arc summarized along with those for the direct and 
indirect (via tributaries) industrial point sources in Section 8 2 2  

The high loading of PAHs was not considered representative of effluent quality from the Sault Ste. Marie 
(East End) WPCP by the UGLCCS Point Source Workgroup (1988). The Workgroup noted that this 
avtrage was skeared by high results which was attributed to an industrial spill to the sanitary sewer system on 
the first day of sampling. On the remaining 5 days of the survty, these compounds were not found, 
indicating that, under normal conditions, PAHs wuld likely not be present at a detection limit of 1.0 y l L  in 
the plant's effluent 

8.2.1.2 Michigan 

The Sault Ste. Marie, Michigan Wastewater Treatment Plant (WWIT) is a secondary treatment facility with 
phosphorus removal and s e w  a population of 15,000. The facility was upgraded to secondary treatment in 
1988 and the aurcnt design flow and average daily flow are 8.0 and 334 million gallons per day (MGD) 
(30a x ld and 12.64 x ld m3/day), respectively. Treatment includes grit removal, primary clarification, 



bidogical treatment via rotating biological contracton, final clarification, chemical precipitation of 
pboJphorus, and disinfection with chlorine prior to disdurge to the St. Ma* River. 

Waste characterization studies and monthly disd.lage monitoring reports (DMRs) are used by the Michigan 
Department of Natural Resources (MDNR) to determine compliance with National Pollutant D i a r g e  
Elimination System OIJPDES) permit limits and monitoring requirements. Effluent limitations and 
monitoring rquiremenb specified by the current permit arc listed in Table 82. All definitions and permit 
requirements are presented in Appendix 8.1. 

No contaminants monitoring of this facility was conducted during the 1986 UGLCCS study. However, 
Compliance Survcy Inspections (CSIs) are conducted periodically, by MDNR, at the WWP and sampling 
results are compared to the required effluent limits. In the most recent CSI conducted on June 14, 1989, the 
results of the sample analysis were comparable to the W s  self monitoring data. These twentyfour hour 
compositt samples and grab samples were also analyzed for cyanide and a number of heavy metals and 
organic compounds. Only two organic compounds and less than half of the heavy metals were at 
amcentrations above the level of detection (Table 83). Concentrations of all parameters detected were 
compared to criteria developed to protect human health and prevent impacts to aquatic life. All parameters 
deteaed were below appropriate criteria (MDNR, Data Fdes). A brief description of sampling methods and 
a list of parameters analyzed are presented in Appendix 8 2  

A routine biomonitoring inspection of the Sault Ste. Marie WWrP was conducted by MDNR staff in 
September, 1988. A Daphnia m a p  static acute toxicity test was used to determine whether the effluent was 
satisfvina aquatic toxicity related rquirements. Results of the 1988 toxicity testing showed that the effluent 
was acutely toxic to D. m a p .  In test concentrations of 13% effluent and above, 100% irnmobiition 
oaau~ed  after only six hours and copper was cited as the probable cause of this toxicity (McMahon 1988). 
Chunical andysis of the effiuent showed that copper was present in the effluent above a level predicted to 
be acutely toxic to aquatic life. A followup test was conducted in June of 1989. This test s h o d  that the 
effluent was not acutely toxic to D. m a p  during the 48-hour exposure period (Diiond 1989). Copper 
concentrations in the effluent were reduced from 1,150 MIL in 1988 to 56 y l L  in 1989 and this reduction 
was most likely the cause of the reduced toxicity. Monitoring rquirements and permit limits for copper 
were added to the current permit Beginning January 1, 1991, the final effluent limit for copper is 61 y l L .  

Total loads to the St. Marys River from the Sault Ste. Marie WWrP are shown in Figures 8.6 through 8.9. 
Roars from the WWrP are presented in Figure 8.10. Loads of conventional pollutants decreased 
substantially after the facility was upgraded in 1986, while flows haw remained the same or increased slightly 
sina 1986. The 1989 average loadings of BODS, TSS and TP are in approximately the same range as for 
the West End WPCP on the Ontario side of the river. 

Effluent from The WWrP was usually within requirements of the NPDES permit. However, minimum pH 
medeuces occurred three times in 1989 and three times in 1990. Silver concentrations exceeded the permit 
limit d 2 0  y l L  once in 1989 and once in 1990. In respomc, the 'WFVTP was rquired to develop and 
implement a silver minimization plan to reduce concentrations of silver in the final effluent. 

8.2.2 Industrial Point Sources 

Tafo major industries, Algoma Steel and St. Marys Paper, directly discharge to the S t  Marys River. 

Algoma Steel 

Algoma Steel products iron and steel from coal (coke). limestone, iron concentrateslpellets and scrap by the 
use of coke ovens, Mast furnaces, steelmaking furnaces and rolling milk. 



Table 82 D i e  limitations and monitoring requirements (1990) for the Sault Ste. Marie, 
Michigan WWrp (MI0024058) (MDNR 1990). 

Flov @I MGD) M Year - -- - - 
CubmvbaDBLr)unirrl M Year - -- 25 l l l ~ n  40 qn 
0%- k u n d  ( -ODs)  7566 kgld l210 kgld 

 TO^ ~urprdsd SOUS M YW - - 3 rqgn 45 qn 
907.6 kgld W2 kgld 

T d  P b s p h o ~  (u P) An Year .. - 1 mg/L - 
Dhsdwd Omen M Year - .- - -- 

To& Residual Chlorioc M Year Monitoring Only .- -- 
MYearBeginning - 0-036 q 1 L  

1/1/91 

All Year 9.0 

Copper AU Year -- Monitoring Only -- 
M Yur &ginning -- 61 y / L  -- -- 

111191 

An YW - 20 y l L  -- -- 
All Year - Muaitinkq Only -- 

MYurBeginnhg - 3P7 y1L  - - 
1/1/91 

1 M year I - I I - 

Algoma's process wastewater contains suspended solids (coal, tar, iron) and coal tar compounds (ammonia, 
cyanide, oil and grease and phenols) and is discharged aftu treatment through 6 continuous oudalls to the 
St Marys River. Direct dkhamcs to the St Marys River from Algoma Steel include the Terminal Basins, 
the ~ k a n d  Strip Noon, the 60" Blast Furnace &ling watu seaftr and the 30" Blast Furnace cooling &r 
s e w .  The latter lwn discharge into the Algoma Slip which forms a small man-made anbayment in the 
r i ~ r .  The Algoma Steel Tube Mill and Cold Mill each dixharge indirectly to the river via East Davignon 
Creek (see Section 823). EfEluent treatment consists of darifiers, settling basins, brill skimmers, ammonia 
recovery stills and filtration treatment proccssu. 

An amending Control Order was served on September 23,1988, which required Algoma Steel to reduce 
waste water effluent parametem at the terminal basins oudall in accordance to the following abatement 
schedule and limits 

1. Ammonia and cyanide limited in combination based on toxiaty considerations by 
Febnrary 15, 1989. 

2. Limit s d m t  udractables to 1589 kg/day by June 30, 1989. 



Table 83 Sault Ste. Marie, Michigan, WWlT June 14, 1989 compliance swwy inspection results for 
metals, cyanide and detectable organic compounds (MDNR 1990). 

I parameter 

Total Cadmium 
Total Chromium 
Total Coppu 
Total Lead 
Total Nickel 
Total Zinc 
Total Iron 
Total Aluminum 
Total Mercury 
Total Selenium 
Total Arsenic 
Total Silw 
Huavtlant Chromium 
Total Cyanide 

1 &BHC (Lindane) 

Sample Type 

composite 
composite 
composite 
+tc 
composltc 
composite 
composite 
composite 
composite 
composite 
composite 
compositt 
composite 
composite 
composite 
composite 

Influent MIL 

0s 
42 

100 
14 
< 4 
79 
1w 
l*W 

< 05 
< 1 
1 
5.9 

< 5 

3. Limit suspended solids to 7355 kglday by June 30,1989. 

Effluent MIL 

< 02 
< 3 
56 
2 4  

< 4 
38 
no 
70 
< 05 
< 1 
< 1 
< 05 
< 5 
< 5 

- 0.017 
0.0% 

4. Limit phenolics to 22.7 kglday by June 30, 1989. 

5. Install d operate a filtration plant by March 31, 1990 to limit sdvcnt udractables to 
1023 kglday, and suspmded solids to 5108 kglday. 

Algoma Steel complied with the Control Order and constructed a filtration plant 6th the following 
spedfications: 

One 213 metre diameter primary sedimentation basin with a total vdrrme of 2026 cubic 
metus and a total effective surface area of 358 square metres, induding solids rand 
facilities and oil skhmw* 

Six borinmtal centrifuged primary pumps, taro rated at 852 litres per secoad; 

Twenty motm-media deep bed sand filters; 

&It press filters with pre-dewatering drums; 

Instrumentation including electrical equipment and controls, waste oil storage and pumping 
facilities, belt filter cake storage and associated equipment; 

Maximum flow capacity d 340,690 m3/daX and 
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Figure 8.7 
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Total suspended solids (IS) loadings (kg/clay) to the St Marys River 
from the Sault Ste. Marie, Michigan Wastewater Ttwtment Plant 
from 1980 through 1989 
Data for 1983 auld not be obtained 
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Figure 8.9 

St. Marys River Remedial Adbn Plan 

Lead, copper, zinc and silver loadings (kg/day) during 1989 
to the St. Mwys River from the Sault Ste. Marie Wastewater 
Treatment Plant, Michigan 

Lead Silver 
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Design criteria for a wastewater flow from the Coke OIlcn ByProducts Plant of 
473 m3/bwr (at a 4200 tonslday production capacity), a COD amcentration of 
4,120 mgIL r p h d  concentration of 680 mgIL, a cyanide concentration of 5 mglL, and a 
total ammonia concentration of 1.300 mg1L. 

It should also be noted that Algoma Steel also constructed a secondary (biological) treatment facility 
however, due to financial constraints, the plant was not commissioned. 

The filtration plant was commissioned by March 31,1990 and Algoma's effluent has been wtll below all 
Control Order effluent limits. The only data available h m  OMOE in Sault Ste. Marie are average loading 

for total suspended sdids and dl and grease for the month of August 1991. Average TSS and oil and gwe 
loadings were 407 kglday and 70 kg/&y respectidy. These loadings were well below the Control Order 
limits of 5,108 kg/&y for TSS and 1,023 kglday for oil and grease. 

Of historical note, Algoma Steel operated at chromium smelter which was closed in 1952 The smelter was 
located near and dixharged to the Terminal Basins outfall and may have been a source of chromium to the 
river. 

St. Marys Paper 

St. Marys Paper has one direct outfall which discharges clarifier effluent and cooling water via a multiport 
diffuser to the tailrace of the Great Lakes Power Corporation (UGLCCS Point Source Workgroup 1988, see 
Figure 8.1 for locations). 

S t  Marys Paper, by adding purchased haft pulp to pulp produced by the stone groundwood process, 
produces paper specialties used in newsprint Clay lime was added in Decunber of 1984 and a slush pulp 
multiproduct mill (with no white water discharge) was constructed in 1989. There is no bleaching 
(chlorine), which is typical of most kraft pulp mills, used in the process. 

S t  Marys process wastewater contains suspended solids (bark, clay, d) and soluble organic compounds 
like sugar. The average effluent flow to the S t  Marys River was 34.828 m3/day in 1990. 

Effluent levels have been established and regulated by a Certificate of Approval based on the 1971 Federal 
"'Pulp and Paper Mill Regulatioos". These regulations require St,  Marys Paper to operate its mill so that the 
discharge of total suspended solids in the "clear water sewer" effluent, averaged over any 30 consecutive 
marking days, will not exceed the allowable load levtls calculated from productionlfumish mix formula. At 
no time is the maximum daily limit of suspended solids to exceed twice the average load l e d  referred to 
above. 

Effluent treatment consists of a bull screen and clarifier with a scum collector on the overflow. An internal 
recovery system removes excess days. D i a r g e  is continuous through a submerged difFuser. Total 
suspended solids in S t  Maw Paper effluent have been in compliance for the entire year of 1990. 

Loadings 

The 1986187 loadings for 23 parameten reported in the UGLCCS (1988) final report for each of the direct 
and indirect industrial point sources to the S t  Marys River are provided in Table 8.4. The 1987 loadings by 
outfall for Algoma Steel and for S t  Marys Paper are provided in Table 8 5  for nine parameten. 

Most of the data in Table 8.4 represent average daily loadings based on analyses of samples collected by 
Environment Canada and the Ontario Ministry of the Environment in a 3 to 6 day survey during August 1986 



Table 8.4 Loading summary of Ontario and Michigan point source discharges for 1986 (1989 for Michigan 
WWTP) to the St. Harys River (kg/d) based on point source surveys, self monitoring data and OHOE 
pilot site investigaiions (data-from UGLCCS (i988) except where-footnoted). ~ i c h i g a n  WWTP is 
from 1989 CSI and 1990 self monitoring data. 

O i l  a d  Grease 



Table 8.4 (Cont'd) 

!A - Not Analyzed, MD - Not Detected 
1986 self-monitoring &to (net). 
Lodingr for TermineL B a s i n  from average for the self-monitoring progrmn for 1986 substituted into b tabare  as Awuet Loadings for those paremeters 

considered r t y p i c d  . * Represents data of OlOE P i l o t  S i te  invcrtigation (grmo). ' 19119 se l f  monitoring data 



(UGLCCS 1988). Zoadings of individual contaminants were calculated by multiplying the flow rate at the 
time of sampling by the gross or net concentration of the contaminant and a conversion factor. Gross 
concentrations were used for the Municipal WPCPs and net concentrations are reported for the industrial 
sourcu. If the net concentration for a given day was negative, a negative net loading was report& 
(UGLCCS Point Source Workgroup 1988). Loading estimates from the August 1986 UGLCCS survey w e  
compared to gross estimates based on taro long-term sump; the OMOE MISA pilot site study (May to 
Nowmber 1986) and the effluent self-monitoring program (January to December 1986). This comparison 
rewsled that loadings of phenols, total PAHs, ammonia, suspended solids and oil and grease from Algoma 
Steel are both positively and negatively variable and that the UGLCCS data for some parameten are 
probably not representative of the operational conditioos of treatment facilities. Therefore, average gross 
loadings calculated from the self-monitoring or MISA pilot site data were included in Table 8.4. 

Table 8 5  show the mean and range of concentrations for nine parameters at each of Algoma's four direct 
discharges to the river. The data were collected in 1987 and 1988 as part of the MISA pilot site investigation 
and were used to calculate some of the total fadlity loads in Table 8.4. Loadings contributed by each of the 
four outfalls are not available. The data illustrate the marked variability in concentrations of contaminants in 
effluents over a one year period. This is further illustrated by comparison of the total phosphorus and 
suspended sdids loadings reported for the taro Ontario WPCPs during the UGLCCS 3 to 6 day survey versus 
the annual averages. For example, for the East End WPCP, total phosphorus loads in 1986 were reported as 
89.8 kgld by UGLCCS (Table 8.4) and as 204.6 kgld by OMOE (Table 8.1). S i a r l y ,  suspended solids 
=re 900.6 kgld based on the shorter survey (UGLCCS, Table 8.4) as compared to 1732 kgld for the annual 
average (Table 8.1). Loadings of these taro parameters mere also underestimated in UGLCCS (1988) for the 
West End WPCP. 

The total loading of oil and grease to the S t  Marys River estimated from point sources during the 1986 
UGLCCS survey was approximately 10,000 kgld. An average of 9,490 kgld was discharged from Algoma's 
Tenninal Basins, accounting for about 95% of the total point source discharge to the river. This also far 
exceeded Algoma's Control Order limit of 1,589 kgld which was to be met by December 31, 1986. The oil 
and grease loading from Algoma during the UGLCCS sumy was 4 above the average daily load as 
calculated from 1986 (annual) self-monitoring data (1,950 kgld), the August 1986 self-monitoring data 
(1,470) and the MISA pilot site investigation data (3547 kgld). The reason for this variability is unknown. 

The Tenninal Basins and the Bar and Strip Lagoon discharges of Algoma Steel were the principle sources of 
ammonia during the UGLCCS 1986 s w y ,  contributing an average of 5,960 kgld and 210 kg14 respectively. 
The average ammonia loading from Algoma Steel during this survey (6- kgld) was higher than loadings 
based on the 1986 annual self-monitoring data which indicated an annual average of 3,990 kgld and the 
August 1986 average of 2,490 kg Id. 

The total suspended solids (33s) loading to the S t  Mary River during the 1986 UGLCCS s w y  was 
8,000 kgld. Approximately 88% of this was discharged by industrial and municipal facilities. Algoma Steel 
had the highest TSS loading (4,234 kgtd), of which the Terminal Basins contributed 3,950 kgld. This load 
was well below the awrage TSS load from the Terminal Basins as estimated from the 1986 annual self- 
monitoring data (7.790 kgld), and the load based on August 1986 self-monitoring data (6,640 kgld). Based 
on the UGLCCS data. the Terminal Basins effluent met the Amending Control Order Limits rquired as of 
March 31, 1990. However, Algoma's self-monitoring data indicate that the loads were above this limit as 
wli as the Control Order limit which existed at the time of the sumy (7,355 kgld). 

S t  Marys Paper contributed an average TSS load of 2,829 kg14 the second highest Effluent TSS 
concentrations at S t  Marys Paper was in compliance with their Certificate of Approval. Suspended solids 
loadings from the paper plant have declined steadily between 1968 (23,800 kgld) and 1986 (2.829 kgld) 
(UGLCCS 1988). 



TaMe 85 Mean and range of contarninant concentrations obserrcd in Algoma Steel and St  Marys 
Paper effluents during a one year period (1987) (from UGLCCS 1988). 

Agoma Steel 
Parameter MDL St. Marys 

30" Blast 60" Blast Bar & Strip Terminal Paper 
Furnace Furnace Lagoon Basins 

Oil and 1.0 mg/L 3.7 3.6 83 7.6 18.4 
Grease (ME.40.0) (ND-50.0) (ND-581) (ND-48) w m )  
Ammonia 05 mg1L 27.17 0.100 1 356 7.481 0.078 

(ND-1.060) (ND-1.060) (ND-530) (ND-1650) (ND-m) 

suspeaded 0.1 mg/L 5219 30.48 1285 26.04 190 
Solids (2.10-353) (1.W557) (3-59.4) (24-121) (1.8-2150) 

Cyanide 0.001 mg/L 0.028 0.025 0545 0.106 0.004 
(ND-0.590) (ND-200) (ND-2.60) (ND-0.90) (ND-0.M) 

Total 02 y l L  473 3.06 155 395 20.8 
Phenols (0.4-29,000) (020-28.4) (0.40- 144) (1 2O-8750) (0.6-374) 

Iron 0.05 mg /L 853 520 1.95 6.01 136 
(055-200) (ND-140) 0-43.0) (0364.0) (0.27-15.0) 

Lead 0.01 mg1L 0.038 0.0 16 0.076 0.018 0.030 
(ND-059) (ND-250) (ND-0-W (ND-0.600) (ND-0-w 

M e w  0.01 cg/L 0514 0.016 0.009 0.045 0.018 
0-19.0) (ND-0.230) (ND-0.050) (ND-0.700) (ND-0.050) 

Zinc 0.005 mg1L 0.168 0.039 0.821 0.021 0.063 
(0.007-5.00) (ND-1.00) (0.10-13.00) (ND-0500) (0.005- 

0.740) 

ND Not Detected at method detection limit (MDL). 

Data from S t  Mary River MISA Pilot Study, twice-weekly grab sampling, March 2, 1987 to March 28, 1988 
(approximately 100 samples). 

The average total phenols loading to the S t  M a y  River during the August 1986 UGLCCS sumy was 
11 kg/& Algoma Steel contributed 9.0 kgld, of which 82 kgld was discharged from the Terminal Basins. 
The Point Source Workgroup Report (UGLCCS 1988) considered the measured loading from the Terminal 
Basins to be quite atypical and not representative when ampared (data collected over a short period of time, 
3 to 6 days) with Algoma's 1986 muai self-monitoring data (95.7 kgld). Loadings of total phenols to the 
S t  Marys River from Algoma Steel, using Algoma's data and the MISA pilot site inustigation data were 
965 kgld and 114 kg14 respeaiwly. St Marys Paper had the second highest total phenols loading during 
the UGLCCS sumy (0.71 kgld). S i  June 1989, phenol levels in the Tenninal Basins effluent have 
averaged below the Control Order rquirement of 22.7 kg/d due to internal changes in the byproduct 
system (LaHaye, OMOE, 1WO). 



During the UGLCCS survey, 17 PAH compounds were analyzed for in the effluents. An average of 
0.72 kgld of total PAHs was discharged during the Augusf 1986. sunnty (UGLCCS Point Sourct Wokgmup 
1988). As noted in Sectioa 811. the highest average loading of total PAHs was from the Sault Ste. Marie 
Ontario East End WPCP (0.417 kg14 Table 8.4). During the August 1986 s m y ,  an average of 02  kgld 
total PAHs was discharged by Algorna Steel. All PAH compounds analyzed for were detected in the 
Algoma Steel coke plant effluent which discharges to the Terminal Basins. However, only 3 PAH 
compounds were detected in the Terminal Basins effluent and only at trace concentrations, close to the 
analytical detection limits. As with other loading data presented, there is substantial variability in calculated 
PAH loadings from AIgoma Steel. Based on the 1986 MISA pilot site data, an average of 1.14 kgld total 
PAHs was discharged from the Terminal Basins alone. However, this PAH loading is not representative of 
current levels (OMOE unpublished data; LaHayc, OMOE, pen. corm). 

Comparison of the point source loadings generated by the UGLCCS s m y  (Table 8.4) iadicatcs that 
Algoma Steel had the highest loading of oil and grease (9,490 kgld), ammonia (6,254 kgld), suspended solids 
(4234 kgld), chloride (18,885 kg/.d), cyanide (729 kgld), total phenols (9.0 kgld), total metals 
(1,784.4 kgld), total vdatila (1.95 kgld) and chlorinated phenols (239 kgld). 

In the Algoma comply the Terminal Basins outfall is the mapr source of pollutants, followed by the Bar 
and Strip Lagoon for lead, zinc and cyanide (Table 85). The Terminal Basins effluent comprises about W o  
of Algoma Steel's effluent flow. Yearly trends in the effluent quality of the Terminal Basins indicate a steady 
decline in ammonia, cyanide and phenol concentrations from 1976 to 1986 (UGLCCS 1988). These trends 
are based on data collected through Algoma's self monitoring program. The new filtration system which 
Algoma Steel added to the effluent stream discharging at the Terminal Basins is ucpected to further reduct 
loadings of many of the contaminants. 

Table 8.6 lists the 1988 total average loadings for those parameters monitored under the Certificate of 
Approval for St. Marys Paper and the Control Order for Algoma Steel. Seven parameters shown in 
Table 8.6 can be compared to the 1986 data for Algoma and only one is comparable for S t  Marys Paper 
(Table 8.4). 

The trend of decreasing cyanide and ammonia contributed by Algoma Steel to the Terminal Basins, as noted 
above, appears to have continued through 1988 (Table 8.6). This is particularly significant, givtn that the 
1988 data are for total effluent not jlst for the Terminal Basins. However, the loading for total phenols has 
increased somewhere between 1.4 and 17.8 times, depuding on which loading value from 1986 is used. 
Algoma Steel shows an increase in phenol output from an annual average of 114 kgld in 1986 to 160 @/day 
during 1988 (Table 8.6). 

Other parameters for which loadings increased in 1988 relative to 1986 include suspended solids and 
unfiltered iron. Slight decreases were observed for free cyanide and filtered zinc Oil and grease and 
ammonia-N during 1988 were both within the lower range of the results reported for 1986187. The criteria 
for suspended solids and oil and grease were regularly exceeded during 1988 (Table 8.6). 
Although the loadings of oil and grease exceeded the Control Order 10 out of 12 months, a follow up 
investigation revealed the monitoring facilities to be inadequate. OMOE amended the control order to 
indude the installation of satisfactory monitoring quipment. 

At St. M a y  Paper. flows have increased by 4,600 m3/day and the suspended solids have nearly doubled 
from 1986 to 1988, reversing the decreasing trend observed betwen 1968 and 1986. These increases are due 
to the addition of a new paper machine in 1986 (LaHaye 1990). 



Table 8.6 A ~ r a g e  annual loadings in kglday and wceedcnces (# of months) of parameten under the 
cuatrd of a Certificate of Approval or Control Order for the Sault Stc Marie, Ontario 
industrial fadties during 1!%8 (OMOE 1989b) as compared to loadings for 1986187 (from 
Table 8.4). 

- = not monitored 
NA = not applicable 

8.2.3 Tributary Sources 

For purposes of this discussion, tributaries to the St Marys River are considered as point sources to the 
river. Contaminants found in the tributaries are actually derived from a combination of point and non-point 
sources including: industrial point sources, such as Algoma's Cold Mill cooling water (24" sewer) and Tube 
Mill process and cooling water which enter East Davignon Creek, industrial surface runoff, such as the 
Algoma Steel Site and the former Domtar Plant site which drains into East Davignon, Bennett and Fort 
Creek; as wcll as runoff from rural and residential areas, as in the case for Big Carp River, Root River and 
Clark Creek It is difficult to separate the various sources to each creek and, hence, for ease of data 
presentation, all tributary data will be considered in this section. There is no data available for the Echo and 
Bar Riven. 

8.2.3.1 Ontario 

Table 8.7 presents contaminant loadings and concentrations for five tributaries monitored by the OMOE 
stream water quality network between January 1988 and February 1990 (OMOE 1990b). Loadings mere 
calculated by multiplying mean total concentrations and mean total flow over the period d record. In 
general, the five Ontario tributaries do not appear to be significant sources of contaminants to the St. Marys 
River when compared to the other point sources. East Davignon Creek and the Root River contribute smaU 
amounts of ammonia, nitrate plus nitrite and TKN to the St. Marys River. AU tributaries contain significant 
amounts of suspended solid material. 



Table 8.7 Loadings (l988-1990), mean concentrations1 and standard deviation for selected contaminants2 in 
Canadian tributaries of the St. Marys River (OMOE 1990b). Average flow over the period of 
record is shown for each tributary except Clark Creek for which data were not available. 

Blg Crp R1- (56.W 3 / d )  
1 I I I I I I 1 

-d ing  W / d )  
m 

+/- Std &v (gem) 
S t u t  perlod of r a a d  
End per lod of r a u d  t 
L-dlng Wdd) 

m 
+/- Std &v ( g e a )  
S t u t  porlcd of recard 
End per hd of record t 
M l n 0  ( W d )  23.95 0.24 28.97 0.07 0.15 0.39 I . &  
mm 1155 11.7 1397 3.6 7.3 19 0.08 NA NA 
*/- Std dcv (gem) 7 38 4.9 1140 2.6 5.6 16.2 0.04 
S t u t p e r l c d o f r a a d  01/88 04/88 01/80 04/88 04/80 04/80 02/84. 
End porlcd of r a a d  02/90 02/90 02/90 02/90 02/90 02/90 02/90 
n 21 20 22 19 20 20 55 

m 

S t u t  porlcd of r a a d  
End period of record 



Table 8.7 (~ont'd) 

lw ( W d )  

Std drv ( g e a )  
t period of r u a d  
pmr lad of m o d  

p g / ~  - Al, Cu, Fe, Ni, Pb, Zn, phenols. 
m g / ~  - NH3-N, N02+N03-N, TKN, TP, suspended solids, cyanide. 
Al, Cu, Fe, Ni, Pb, Zn, TP, TKN, phenols, cyanide = total unfiltered. 
Loadings not calculated as flow data is not available. 

NA = no data 



B a d  on the 1986 loadings data presented by UGLCCS (1988) for taro of these creeks (East Davignon and 
Fort Creeks, see Table 8.4). and the OMOE 1988-1990 data (Table 8.7) there appears to Little or no change 
for moat parameters. Results indicate decreasing loadings of cyanide (0.M compared to 023 kgld), total 
phenols (021 compared to 0.61 kg Id), total phosphorous (0.78 compared to 2 7  kgld) and iron (6.63 
compared to 71.8 kg/d) for East Davignon Creek. Fort Creek had slightly higher loadings of ammonia (1.66 
vs. 0.17). TSS (829 vs. 353). total phenols (0.04 vs. 0.004) and iron (29.0 vs. 12.2) in 1988-90 than 1986. 

East Davignon Creek receives effluents from Algoma Steel in addition to urban inputs, mhertas the other 
tributaries primarily drain residential and small industrial areas. The Root River, which drains a residential 
area on the east side of Sault Ste. Marie, contributed the highest loadings for each parameter of the four 
tributaries for which loading data were calculated (Table 8.7). Of particular interest are clDceuicnces of 
Provincial Water Quality Objtcti~s (PWQO). The PWQO for total phenols (1 y lL) and iron (300 y lL) 
were ucceded by the mean omcentrations in all fiw creeks for the period of record Fable 8.7). Fort Creek 
and C4ark Creek had par t iduly  high concentrations of iron. The PWQO for total phosphorous (in streams 
and riven, 0.03 MIL) was slightly exceeded in three of the creeks. The PWQO for zinc (30 MIL) was 
exceeded in Clark Creek (31.8 y lL) and for coppr  (5 MIL) in Fort Creek (11.7 y /L). 

With the exception of Fort Creek, bottom sediments from the Ontario tributaries wuld be classified as 
nonpolluted (Htsselbtrg and Hamdy 1987). 

Peripheral to the Algoma slag dump are the West Davignon Diversion Channel, Baseline Road ditch and 
Bennett Creek An ongoing investigation sponsored by OMOE (Beak 1989) has determined that the West 
Davignon Diversion Channel and Baseline Road ditch are shallow groundwater discharge mnes. Preliminary 
testing shows the main slag pile and disposal area appear to be a major 'source of groundwater contaminants. 
Preliminary testing was done only for phenols, sulphate, chloride and specific conductance. Xelativlcly 
undiluted source area groundwater appears to be discharging dircctly to the West Davignon Creek" (Beak 
1989). PAHs were identified in groundwater in the vicinity of the slag pile and disposal area. Subsequent 
s m y s  by Beak Consultants Limited will quantify and determine phenol and PAH trends. 

8.2.3.2 Michigan 

None of the Michigan tributaries to the St. Marys River have been monitored recently for water quality. 
However, in 1985, the U.S. EPA collected samples of bottom sediment from 18 Michigan tributaries to 
evaluate their importance as sources of contaminants to the St. Marys River. The samples w r e  analyzed for 
conventional pollutants, metals, pesticides, PCBs and other organic compounds. The results of this study 
indicate that Michigan tributaries are not a significant source of contaminants to the St Mary Rivcr. The 
sediment samples contained no obvious evidence of pollution and sample analysis resulted in most sediments 
being classified as nonpolluted. Additional water quality sampling from the Michigan tributaries is thus 
rquired to verify this conclusion. Samples collected from streams which drain the City of Sault Ste. Marie, 
Michigan, where contaminant sources are most Likely, were generally free of significant contaminant 
concentrations. 

8.3 NON-POINT SOURCES 

Non-point source pollutant loads are introduced into the environment from diffuse sources which enter the 
water system through a wide range of pathways. Furthermore, non-point pollutant loads arc dependent on 
many natural phenomena such as rainfall, wind speed and direction, soil types and geological terrain and 
relief. Due to the nature of non-point source pollutant loads, assessment of their magnitude and impacts is 
often difficult and studies have not been done for the AoC. The source of contaminants are many and can 
include the atmosphere, spills, terrestrial natural soufces, wastes disposal sites, and surface drainage. 



8.3.1 Combined Sewer Overflows (CSOs) 

8.3.1.1 Ontario 

There are no CSOs serving the Gty of Sault Stc. Marie. Ontario. However, during periods of heavy runoff, 
the East End WPCP has been subjected to peak flows of up to 209 x ld m3 (design capacity is 
545 x ld m3), due to rain water infiltration and improper cross connections between residential roof drains 
and weeping tile systems with the sanitary sewer system. 

AU searage passing through the East End WPCP re&= primary treatment, phosphorus removal and 
chlorination prior to discharge. During heavy runoff periods, the City pumps untreated sewage directly from 
the sanitary sewtr system to the storm sewer system, to prevent flooding of basements in residential areas. It 
b unto lo^ as to what uctmt sanitary sewen overflow directly to the river without treatment An OMOE 
funded lifelines" program has been proposed to the City to study this problem. 

8.3.1.2 Michigan 

Approximately 85% of the sewcr system for the C~ty of Sault Ste.. Marie, Michigan consists of combined 
stormwater and sanitary sewers (CSOs). In this combined system, uPcess runoff from a rain or snow melt 
event may cause untreated sewage to be discharged directly to surface waters. The City of Sault Ste. Marie 
has fourteen CSO outfalls. Sewn of the outfalls disdtage directly to the S t  Marys River, six discharge to 
the Edison Sault Power Canal and one discharges to AEhmun Creek. The number of sewage bypasses varies 
among the different outfalls in the aty. Some of the outfalls discharge during every storm event arhile others 
rarely discharge. 

Currently there are no estimates of pollutant loads to the S t  Ma- River from these CSO discharges. 
Howcur, the aty is rquired by the terms of its National Pollutant Discharge Elimination System (NPDES) 
permit to implement a long term monitoring program on or before December 31,1990, which will document 
rainfall, the frequency and duration of discharge events, and estimate the volume and quality of discharges. 
Results are to be submitted monthly to the Surface Water Quality Division District Office. The City began 
monitoring in 1991 but the results were not available in time for inclusion into the Stage I document 

A study completed in 1978 indicated that there were no adverse impacts from these CSOs on river water 
quality (UGLCCS 1988). However, data collected in 1986 and 1987 .under the OMOE MISA pilot site study 
indicated that the CSOs in the Edison Sault Power Canal caused a major increase in fecal coliform bacteria 
densities immediately downstream in the river (UGLCCS 1988). Recent monitoring has shown localized 
areas of high fecal coliform concentrations, and total body contact advisories are issued periodically by the 
Chippewa County Health Department after bypass events. 

The State is rquiring that the aty develop and implement a program to eliminate or adequately treat CSO 
discharges (see Section 4322). The city's NPDES permit rquires that a Frnal Combined Sewer Overflow 
Control Program, including an implementation plan, be submitted and appro& on or before Decunber 31, 
1992 This plan will result in the elimination or adquate treatment of combined sewage discharges 
containing raw sewage and compliance with the Water Quality Standards. 

8.3.2 Urban Runoff 

8.3.2.1 Ontario 

Marsalek and Ng (1989) define urban runoff as "...a non-point source of pollution which is discharged into 
the receiving waten in tw forms, either as stormwater discharges from storm s e e n ,  or overflows from 



combined sewr systems.' Surface drainage in the City d Sault Ste. Marie is provided by storm s e w n  
which discharge either d i r d y  into the S t  Marys Rivcr or into one of a number of creeks draining into the 
river. 

Manalck and Ng (1987, 1989) calculated the loadings of 17 organic and inorganic contaminants to the S t  
Marys Riwr via urban nmoff from the City of Sault Ste. Marie during 198511986. Runoff loadings of each 
parameter except chloride mere calculated for s p d c  land use areas, utiliing mean concentrations and 
runoff volume, and then summed for each land use area to estimate total loadings to the river. Chloride 
originates primarily fnw winter road salting, and concentrations in runoff an therefore highly variable. 
L a d i n p  were estimated from road salt usage records, assuming that all salt is washed off by nmoff 
(Manalek and Ng 1989). 

OMOE monitors snow dump sites each year with soil sunreys. Sodium and chloride levels in soils in 1989 
and 1990 *re found to be higher at the dump sites than at control sites. Vegetation in close proximity to 
the snow dllcnp sites docs not &bit phytotoxic symptoms from runoff (R. Stewart, OMOE Sault Ste. Marie, 
pen. comm.). 

Annual runoff was estimated from mean annual precipitation using the STORM model. Total stormwater 
discharges for the Sault w r e  calculated to be 13.0 x 1 4  m3/yr (Marsalek and Ng 1989). The collection area 
for urban runoff is 4,500 ha. Runoff (and snow meltwater) was sampled at 3 sites representing residential, 
commercial and industrial a r w .  

The results of the loading calculations for stormwater runoff in Sault Ste. Marie are presented in Table 88. 
Daily loadings are shown in Table 8.8 in order to provide a basis for comparison with the other point and 
non-point sources. In reality, loadings from stormwater ocrw only as a result of rainfall e m t s  such that the 
total loading ovcr a one year period represents the sum of all rainfall events. 

In comparing these non-point loadings with municipal and industrial point sources (based on data taken from 
UGLCCS 1988). Marsalck and Ng (1989) concluded that, for the maprity of parameters, the point source 
loadings dominated the total loadings. Point sources contributed up to 90 percent of ammonia, phosphorus, 
iron, mercury, zinc, phenols. cyanide, oil and grease and chloride. Stormwater runoff, however, contributed 
the largest loadings (greater than 50 percent of the total) of cobalt, copper, cadmium, PCBs and HCB. 
Cobalt and PCB loadings to the S t  Marys River were entirely derived from stormwater. Loadings of HCB 
were also derived entirely from stormwater, however, the total amount contributed was very low (0.002 to 
0.006 kglyr. Table 88). Although less than 50 percent of the total, stormwater also contributed relatively 
large loadings of chloride, lead and nickel (- 40 percent), and PAHs (- 30 percent). 

8.3.2.2 Michigan 

Urban runoff is discharged to the S t  Marys River via storm drains and CSOs (see Section 83.1 for more 
information on CSOs). There are 34 storm drains in Michigan discharging to the S t  Marys River. Eight 
storm drains discharge directly to the S t  Marys River, IS discharge to the Edison Sault Electric Company 
Power Canal, and 11 discharge to three minor tributaries including 2 to Seymour Creek, 7 to Ashmun Creek 
and 2 to Mission Creek. No storm drain loading estimates are available. 

8.3.3 Rural Runoff 

Rural runoff may be a source of sediments, nutrients and pestiades and atmospherically derived trace metals 
and organic contaminants to the S t  Marys River. Soil erosion contributes both to higher sedimentation rates 
and to increased nutrient loads to the river. 



Table 8.8 Summary d 1- in urban runoff from the Sault Ste. MarieJhtario area during April 
1985 to Novmhr 1986 (Marsaldc and Ng 1987,1P89). 

Paramebw Stormwater (kg 1 yr) Stomwater (kgld) 

hmlonia (N) 9.800 26.8 

Phosphorus 4,100 112 

Chloride 1.=),000 5,068 
3,700,000 10,137 

Cadmium 2 0  0.0055 
78.0. 0.0214 

Cobalt 0 0 
263 (46). 0.721 

Copper n 157 

Iron 2523 

Lead lm 425 

M e r ~  0.4 0.001 1 

Nickel 114 0395 
338 0.926 

Zinc 3,660 10.03 
I 

i Oil and Grease 91 2 
w 

Total Phenols 1% 0537 

Cyanide 27 0.074 

HCB 0.002 0.000005 
0.006 0.000016 

Total PCBs 0.4 0.001 1 
3 2  0.009 

Loadings calculated from data abo'vt the detection limit At some sites large variations in concentration 
andlor a signiticant percentage of the data was below the detection limit and thus tw loading 
estimates, low and high are given. 

Daily loadings ha* been calculated assuming that annual loadings were uniformly distributed throughout the 
yw. 



8.3.3.1 Ontario 

No estimates of soil erosion or loadings from w a l  runoff have been made for Ontario. 

8.3.3.2 Michigan 

Annual soil erosion from the S t  Ma* River geographic area is estimated to be 173,889 tonne& including 
1 .l8 tomes of phosphorus (UGLCCS 1988). Additional sources of nutrients include Livestock operations 
(amtributing an estimated 5.18 tomes of phosphorus to the St  Mary Rivtr each year) and commemal 
fertilizers (no estimates of loads to the S t  Mary River) (UGLCCS 1988). 

8.3.4 Atmosphere 

The atmosphere can be a source of amtaminants to aquatic ecosystems through deposition of w t  and dry 
materials falling directly on water surfaces including upstream water bodies. Contaminants deposited by the 
atmosphere can subsequently be transported downstream in watersheds. As d, contaminants may be 
indirectly deposited in the watershed and exparted into the S t  Maqs River. Direct deposition of 
contaminants to the river is likely to be limited because of the relatively small surface area of water. 
However, deposition to Lake Superior, its watershed and the S t  Ma* River immediate watenhed are likely 
to be a significant source of contamination. Materials deposited in the watershed will likely be represented 
in the loadings calculated for urban runoff (Table 8.8) and rural runoff in Michigan (section 833). 

Although considerable attention has been focused on acid inputs to aquatic systems from the atmosphere 
("acid rain"), much less is known about atmospheric loadings of contaminants and trace elements (Johnson 
ei d., 1988). Numerous organic and inorganic contaminants have been detected in rain, snow, vapour and 
dry fallout i.e. Cu, Ni, Zn, Pb, Cd, Hg, P, N, PCBs, DDTs and a wide variety of organic compounds 
(Johnson a d., 1988; Eisenreich et uf., 1981; Strachan and Huneault 1979; and Johnson 1987). Strachan and 
Eisuveich (1988) concluded that there are insufficient data available to reliably estimate the relative 
importance of atmaspheric deposition of mast of these contaminants to the Great Lakes or for the 
preparation of mass balances. However, the contribution of contaminant loadings from atmospheric 
deposition will be significant because of the large fraction of pollutants likely to enter Lake Superior from 
the atmosphere (S. Eienreich, pers. cornm). 

8.3.4.1 Ontario 

Estimates of atmospheric loadings to the S t  Mary River AoC were attempted for the UGLCCS (1988) for 
17 PAHs. Boom and Marsaldc (1987) collected #) snowpack samples located in a grid centred around the 
City of Sault Ste. Marie, Ontario (433)  ha) to establish the areal distribution of PAH depositions during the 
winter of 198611987 (Figure 8.11). 

The areal distribution of PAH loadings (F~gure 8.11) in the snowpack tends to indicate that industrial 
emissions are the main source of PAHs to this a r q  with the highest loadings observtd immediately down- 
wind from the steel plant. Chemical finger printing indicated that the westerly stations were dominated by 
steel plant unissions, with the easterly stations being influenced by the other urban sources. The total 
quantity of the 17 PAHs deposited and stored in the snowpack in the study area was estimated to be about 
18 kg for the 11 week accumulation period. PAHs stored in the snowpack are quickly released during the 
snowmelt period and thereby create a shock loading to the receiving waters (Boom and Marsalck 1987). The 
average concentrations of total PAHs in fully mixed meltwater from the study area was estimated to be 
about 3 y /L. 

Although the data base refers to winter conditions, the *hiustrial contribution to PAH deposition is not 
expected to vary seasonally (Boom and Marsalek 1987). Hence, the annual PAH loading extrapolated €rom 



the 25 month accumulation d d  be nearly 90 @/yr (025 @/day). Based on this annual loading. estimates 
of annual atmospheric deposition rates (expressed in kglday) for the mast common PAHs found in the 
smvipadc are provided in Table 8.9. It should be noted that a large part of this loading will fall on pervious 
ground, and the PAHs may be adsorbed onto soil particles, thereby being immobilized. 

Table 8.9 Estimated annual loadings (kgfd) of six PAH compounds cdculated from snowpack 
measurements o x r  a ',- month period Novunber 1511986 to February 2411981 (from 
Boom and Marsalek 1981). 

Parameter I Minimum I Maximum 

Phenanthrene 0.0373 0.0597 
Ruoranthene 0.0471 0.0742 

0.0285 0.0463 
Benzo(a)pyrene 0.0041 0.0142 
Benzo@)flwranthene 0.0041 0.0 142 
Benzo(k)fluoranthene 0.006 0.0156 

Total Six PAHs 0.127 0224 

The total loadings for these six PAHs are approximately one third that measured by Marsalek and Ng (1987, 
1989) for the stomwater loadings of 17 PAHs VaMe 8.8). Although it is not known whether the six PAHs 
measured in the snowpack had equivalent concentrations as the same compounds measured in the 
stormwater, the magnitude of the loadings are similar and may indicate that the stomwater loadings 
originate primarily from local atmospheric emissions. The total loadings to the river wuld thus be greater 
than that estimated for stomwater runoff from the urban area because atmospheric dispenion wuld result 
in contamination of snow and precipitation over a much larger area. Current data are suffiaent to estimate 
atmospheric inputs to the Great Lakes for PCBs, DDT, benzo(a)pyrene and lead. The loadings calculated by 
Strachan and Eienreich (1988) for Lakes Superior and Huron are shown in Table 8.10. The S t  Ma+ Rivcr 
AoC conuibutes to the loading to Lake Huron. Direct atmospheric loadings are those delivered to the 
surface of the lake, whereas indirect loadings are those which fall upstream of Lake Huron and would 
include inputs from the S t  Mary River and Lake Superior. 

The loadings shown in Table 8.10 suggest that atmospheric loadings are a major non-point source of lead, 
PCBs and PAHs @ u u o ( a ) p e )  to the S t  Mary AoC ( i i r e c t  loadings) as wel l  as to Lakes Huron and 
Superior (direct plus indirect loadings). Some investigators have speculated that there are seasonal variations 
however, for the purpose of estimating loadings for the RAP, it has been assumed that there is no variation. 

Although not directly comparable, total indirect atmospheric loadings to Lake Huron (including the S t  
Mary River AoC watershed) are at least an order of magnitude higher for lead and PCBs than those 
contributed by urban runoff to the S t  Mary River from Sault Ste. Marie, Ontario (Table 8.8). 

A more accurate assessment of the atmospheric deposition of 14 pollutants to the Great Lakes wil l  be 
complete in 3 p r s  ( E i s d c h  pen. comm). Historic loadings will be approximated using sediment core 
profiles. 

An atmospheric monitoring netmark for organic contaminants in the Great Lakes consisting of four stations 
was described by Chan and Perkins (1989). Contaminants monitored were organochlorine pesticides, PCBs 
and 12 PAHs. The closest station to Sault Ste. Marie is located on Manitoulin Island at South Baymouth. 
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Based on one year of sampling (1988-1989), the dume-v&hted mean and the range of concentrations for 
phenanthrene, fluoranthene. pyrcne, total PAHs and total PCBs at this station are provided in Table 8.11. 
The authors did not calculate loadings. 

Volume-ahighted mean concentrations of organochlorine pesticides ranged from a high of 9.64 ng/L for u 
hexachlorocyclohugne (uBHC) (18 satnples) to a low of 0.01 ng/L for p,pTDE (1 sample). 
Concu~trations of the 3 PAHs and total PAHs (in Table 8.11) at the South Baymouth station were the 
highest of all 4 stations in the network Chan and Perkins (1989) note that PAHs are primarily affected by 
urbanhation and indmhI sources but suggested that bigher concentrations in more remote locations may 
be due to localized effecb frum domestic arwd burning. 

Environment Canada a d  OMOE haw also established an air and predpitation monitoring network for 
toxia in southern Ontario (Shackleton et al. 1989). The station dosest to the St. Mary River AoC is 
located 60 km north d the Sault at Turkey Lakes. Contaminants which are monitored include PCBs, 
chlorinated pesticides, trace metals and dibuuodiorrios and dibenu,furans. Although the Turkey Lake 
Research Centre has been in operation since 1980, the netarork for monitoring the above contaminants in air 
and precipitation has only recently been established and thus data are preliminary. 

Mean concentrations and ranges for HCB, PCBs and uBHC are provided in Table 8.12. Precipitation 
statistics represent 12 samples collected over one year (April 1988 to April 1989). whereas the air data 
summarize 16 samples cdlecud during 8 months (September 1988 to April 1989). 

The mean concentration of total PCBs in precipitation at the Turkey Lakes station is approximately 3 times 
the mean of the South Baymouth station reported by Chan and Perkins (1989). The cause of the higher 
concentrations at the Turkey Lakes station is not known. H o w w ,  Johnson a al., (1988) indicated that 
mote than 90% of the loadings to the Turkey Lakes for PCBs, uBHC, rBHC, methoxjdor, HCB and 
dieldrin was from direct precipitation. 

Trace metals also are contributed by the atmosphere (Renber 1988 and Johnson 1987). In Ontario lakes, 
Johnson (1987) found anthropogenic loadings of Zn. Cd, Hg, and AE which were 1.8 to 2.6 times background 
loadings. The atmosphere was the primary contributor of these anthropogenic sources. In the Turkey Lakes, 
Johnson a al., (1988) found fish body burdens of Hg to be correlated with atmospheric loading, thus the high 
body burdens of Hg in walleyc in Lake Munuscong may be at least in part related to atmospheric loading. 

Based on the abow data, atmospheric contributions of PCBs, PAHs, lead, Hg and organochlorine pesticides 
s e m  as a major loading source to the Great Lakes in general. Of these parameters. Sault Ste. Marie area 
sources likely contribute to the total atmospheric loading of PAHs, however, the data base is not sufficient to 
fully quantify individual source contributions to inputs to the St M a y  River or other downwind locations. 
A full evaluation of fugitive PAH emissions to the atmosphere including near and far-field deposition 
patterns and loadings is rquired. 

8.3.4.2 Michigan 

There are no mapr nearfield industrial sources of atmospheric contaminants on the Michigan side of the St 
Marys River. 

8.3.5 Contaminated Sediments 

Studies have shown that polluted sediments haw a direct impact on associated biota and can be significant 
sources of contaminants to both the water column and aquatic organisms. Furthermore, such sediments can 



Table 8.10 Direct and indirtct atmaspheric load& to Lake Huron and Superior and their percent of 
total loadings (Strachan and Eisenreich 1988). 

I Dir 
Parameter p G -  

Lake Huron 
PCBs 
DDT 
Benzo(a)pyrene 
Lead 

#ct Indirect 

% of Total k g l d ~  % of Total 
Loadings Loadings 

Table 8.1 1 Mean and range of concentrations for selected PAHs, total PAHs (12) and total PCBs 
measured in pkipitation at South Baymouth, Manitouh Island (from Chan and Perldns 
1 989). 

Table 8.12 Mean concentrations and ranges for selected organochlorine cootaminants measured by 

Parameter 

Phenanthrene 
Flouranthene 
b a e  
Total PAHs 
Total PCBs 

OMOE at the Turkey Lakes station, north of Gult Ste. Marie (from Shackleton et al. 1989). 

n 

14 
15 
12 
16 
18 

HCB 
Total PCBs 
uBHC 

Parameter 

Mean (nglL) 

1323 
149.7 
99.7 

459.1 
8.12 

Range (ng/L) 

9.9-1.233 
19.8-798.8 
19.6-5342 
93.&~689 
0.8-323 

Mean 1 Range Mean Range 

Precipitation (ng/L) Air (nglrn3) 



continue to be a source long after the external inputs G i n t  and nonpoint) have been eliminated. Howver, 
the actual amounts of contaminants released from the sediment to the water column and organisms of the S t  
Mary River haw not been quantified (UGLCCS 1988). 

Although it has not been daamentcd, it is suspwtd that cargo vessel passage will result in some degree of 
sediment resuspension. gripping may thus exacerbate coataminant rec)cling and promote redistribution of 
contaminated sediments. 

8.3.6 Groundwater ContaminationIWaste Disposal 

8.3.6.1 Ontario 

Three sources of potential groundwater contamination have k e n  identified in Ontario: the Algoma Steel 
Slag Site; the Sault Ste. Marie (Cherokee) Landfill; and the site of a former coal gasification processing 
plant 

(1) was characterized as having the potential to impact human health and safety. 
At this site, approximately 718,600 tonnes of solid waste and 66,800 tomes of liquid waste are disposed each 
year. The predominant waste is slag from iron and steel operations. However, lime, industrial refuse, waste 
aad and oil, coke ovcn gas condensate, and sludge are also disposed on the site (Beak 1988). According to 
LaHaye (1990) oil and coke ovcn gas condensate are no longer disposed of at the slag dump. 

In early 1988, OMOE initiated a year comprehensive investigation to: i) quantify the degree of 
waterborne contaminants migrating from the site; ii) identify their significant pathway($); and iii) compare 
contaminant loading rates from the "uncontrolled" sources to those associated with monitored effluent 
discharges from the Algoma Steel plant The following preliminary conclusions were identified in the interim 
report of this study (Beak 1989). The final report has not been released for incorporation in the Stage I 
document Fmal results will be presented in Stage 11. 

An inventory of wastes and byproducts onsite as well as leachability tests conducted on selected materials 
indicate that the constituents of environmental concern are phenoh, PAHs, volatile aromatics, cyanide, 
ammonia, metals and add. 

The configuration of the water table is controlled by the relief of the ground surface undertying the slag 
material. Shallow groundwater flow is radially outwarcls from the original topographic high, which is centred 
under the slag dump. Although the shallow groundwater system is recharged by infiltration, upwardly 
directed gradients exist, discharging groundwater directly into the S t  Mary River, Bastline Road ditch and 
West Davignon Diversion Channel (peripheral aeeks). Local recharge occurs at the oil pond and pickling 
liquor disposal sites. 

Three areas have been identified as sources for groundwater constituents: the central slag area (comprised of 
aad dump, sludge dump, oil pond and filter cake dump); the f o m u  Domtar facility and surrounding a r q  
and the dredged river sediment disposal arm' "Sulphate and chloride plumes emanate from the central slag 
area as a result of the disposal d slag, lime fines and pickling liquor" (Beak 1989). Phenols and PAHs arc 
assodated with all three source areas, while volatile organics arc associated with the central slag and Domtar 
areas. Metals are associated with the main slag area and dredged river sediments. However, the mobility of 
many metals is restricted by the high pH of the groundwater in most areas of the site. 

Seepage of groundwater through the S t  Marys River bed has been confirmed at two offshore sites adjacent 
to the Algoma slag site. These sites were found to haw sediment electrical conductance significantly 
elevated ovcr background. The chemistry of water obtained from river bed mini-piezometen was 
comparable to groundwater obtained from adjacent on-site piemmeters (Beak 1989). 



The surface water study amfirmed that there was little possibility of overland runoff on the slag site. The 
peripheral creeks (ditches and streams) are the only significant pathways for contaminlnts to leave the site 
via surface water. 

Approximately 90 puctnt d the grormdwdter discharge to the S t  Marys R i w  and creeks adbcent to the 
site ocrws through the slag, because the underiying gedogic material is much less permeable than the slag. 

During low flow conditions, mast of the flow through Baseline Road ditch and the West Davigmn Diversion 
Cbannel can be attributed to grwndwater discharge from the slag site. Only 7 percent of the total flow in 
Bennett Creek is attributed to grwndwater discharge fnrm the slag site. Water flow to the St. Marys River 
from surface water discharge and dixharge directly to the river along the slag site shoreline are 
approximately equal. 

Significant mass is contributed to the St. Marys River as dissdvtd creek loading and by groundwater 
discharge along the river shoreline. Preliminary loading estimates are outlined in Table 8.13. Ongoing data 
collection for the study vill help verify these initial estimates. 

Table 8.13 Comparison of loadings @Id) to the S t  Mary Riwr by direct groundwater discharge, 
indirect stream flow and direct Algoma plant effluent (modified from Beak 1989). 

Loadings (kg/d) 
Source Chloride Sulphate Iron . Phenols Dissolved 

Oroanic Carbon 

Groundwater Dischatge Along 24932 9863 on 0.04 19.18 
the Shoreline 

Dissdved Load in Creeks 139.73 5205 1.75 0.01 271 

Alnoma Plant Effluent Outfalls 18,885 160t NA 

NA -Data not available 
' UGLCCS (1988) 

OMOE (1989b) 

These preliminary results indicate that loadings of phenols and iron to the river from the slag site are 
extremely small relative to point sources such as Algoma Steel outfalls. Loadings of sulphate, however, are 
high compared to those derived from Algoma's outfalls. The loadings of iron contributed from the slag site 
are also low relative to those derived from tributaries which ranged from 6.63 to 125.42 kgld (Table 8.7). 

(2) The second site in the area. the h i s  a 56.6 hedare site located at the 
northeast end of the city of Sault Ste. Marie. This landfill is licensed to handle municipal waste composed of 
60 percent domestic waste (200 tonnesld), 10 perant commercial waste (35 tonnesld) and 30 percent 
sewage sludge (100 tonnesld). A proposed expansion of the lamifdl resulted in an environmental 
assessment The landfdl is drained by Cannon Creek to the north and artst, which is a tributary to the Root 
River which drains into the St. Marys River. Hylrogtologic studies showed that shallow ground water flow 
is from north to south. In the north-most portion of the site infiltrating groundwater recharges into deeper 
stratigraphic units, and in the centre of the site horizontal shallow ground water flow occurs. A groundwater 
monitoring network identified an on site leachate plume flowing towards the Root River (Non- Point S o w  
Work Group 1988). An application for a Certificate of Approval for a leachate collection system has been 
submitted to the Ministry of the Environment along with a request for Provinaal funding (LaHaye 1990). 



The Cherokee L.andtill is believed to have a negligible impact on surface waters of the St. Marys River 
(UGLCCS 1988). 

(3) Coal nasification ~lant .  Manufactured gas plants produced gas for illumination and heating in Ontario from 
about 1850 to the late 1950's, mostly by carbonization of d. In addition to combustible gas, these plants 
produced by-products, such as tars, sludges, liquors and other gas cleaning wastes most of which were left in 
buried containers at the plant site or transported to waste disposal sites. These wastes are environmentally 
hazardous bemuse they are contaminated with PAHs, phenols, light aromatics, cyanide, inorganic sulphur, 
nitrogenous compounds md  metals. 

In 1986, buried wastes containing c a d  tar were discovered at the site of a manufachued gas plant in Ottawa. 
The discovery of these wastes prompted OMOE to commission a study to identify and provide a pre)iminarv 
assessment of manufactured gas p h t  sites in the Province of Ontario. The resllltant report by Intera 
Technologies Ltd. (1987) identified forty-one sites in Ontario including one which was located on the southwest 
corner of Goulais Avenue and Bonney Street, Sault Ste. Marie. 

The 1987 study reported that this former gas plant site is currently an uncontrolled access parking lot owned by 
Algorna Steel Corp. Adjacent property use is primarily industrial with some residences located north of the 
site. There is no available history of excavation at the site, other than installation of water mains and sewers 
along adjacent streets. The closest surface water body is East Davignon Creek located 100 m to the southeast. 
This was the only gas plant site not inspected for the 1987 survey. 

The report, dated April 1987, stated that no significant environmental impact or adverse health effects are 
perceived to exist at this site. Spent oxide wastes containing up to 1.2 percent total cyanide were found at the 
gas purification plant site. Tests carried out by OMOE determined that the cyanide residues were not leachable 
(LaHaye 1990). (Note: The Domtar facility and surrounding area has been included in the Beak (1989) slag 
dump study). 

No loading estimates are available for contaminants derived solely from the coal gasification site. However, 
loading estimates currently being developed as part of the Beak (1989) investigation of the Algoma Slag Site 
will include contributions from the coal gasification site (Table 8.13). 

8.3.6.2 Michigan 

The total Michigan groundwater discharge to the St. Marys River is estimated at 2.156 cubic meters per second 
and contributes approximately 0.1% to the total flow of the river (UGLCCS 1988). Well water sampling in and 
around areas of k n o w  and potential contamination indicates that Gumelton Industries Site and the 753 Radar 
Site area are sites which may potentially cause significant local impacts on the water quality or sediments of the 
St. Marys River. Impacts could occur through a combination of groundwater discharge, surface m o f f  and 
erosion of contaminated soils and waste into the river. 

Potential minor impacts on the river from groundwater contamination are posed by the 753 Radar Site and the 
Superior Sanitation 3 Mile Site which contains municipal and light industrial refuse as well as sludges from the 
Sault Ste. Marie Wastmrrter Treatment Plant. 

Waste Dis~osal Sites 

There are seven.waste disposal sites, three municipal and four industrial, in Michigan within the immediate 
watershed of the St. Maqs  River AoC. The municipal sites include the Dafter, Bay Mills and Superior 
Sanitation-Rudyard landfills. Thrre industrial sites, Camelton Industries, Union Carbide and the Superior 
Sanitation 3 mile site me on Michigan's Priority List for Evaluation and Interim Response (Act 307 List). The 
Soo Line Railroad waste site contains mostly construction and demolition debris. 

-.. 



The Dafter is currently the only active site. It is licensed to take domestic and general municipal 
wastes, light industrial refuK atxi sludge from local wastewater treatment plants. During 1989, more than 25 
samples were collected from monitoring wells located a d  the landfill. No evidence of gmdwater  
contamination by the landfill was found (MDNR unpublished data). Dafter landfill ards not a source of 
poUutants to the gnwndwater or to the S t  Maqs River. 

The e w a s  dosed in mid 1991. It accepted muniapal wastes and has 
three monitoring wclt located cast, south and wst  of the site. ,Well monitoring data from July and October 
1989 indicate that the Bay Mills Landfill was not impacting groundwater or the S t  Ma+ River at that time. , 

The 
. . was closed in tarly 1990. The landfill accepts muniapal wastes 

and has six monitoring m d l q  three upgrade and three. doamgrade of the site. Well monitoring data from 
June and August 1989 showed no decline in water quality bemen upgrade and downgrade wells and the 
landfill was not amtributing pollutants to the gromckter or S t  Ma* River. In 1991 the Anderson 
Corporation purcbasad the Superior Sanitation-Rudyard Landfill and installed additional monitoring wells 
and a new leachate system in antiapatioa of re-openhg the site. 

The Soo waste site is located approximately 800 metres from the S t  Marys River and contains 
construction and demolition debris trees, stumps and other inert wastes (UGLCCS 1988). 

The Cannelton is l is ted approximately 3 Ian west of Sault Ste. Marie. The northern 
boundary of the site borders the S t  Marys River. The site occupies approximately 30.6 hectares and is 
presently vacant The site was once owed by Northwestern Leather Company which operated a tannery on 
the site from 1900 to 1958 and tannery wastes were discharged or deposited to a lowlying wetland along the 
S t  Marys River. The tannery dump site includes a barren zone of approximately 0.4 hectares, completely 
devoid of vegetation and with varied soil colours. 

The Cannelton Industries site has been designated a Federal Superfund Site and a Michigan Act 307 site. 
mitigation measures have been initiated. In 1991. it has been ranked llb out of 748 (MDNR 1991) in 
Michigan's Group 1 list. 

Sod samples from within the barren zone and from areas immediately adjacent to the zone indicate the soils 
are contaminated with several inorganic compounds arseniq cadmium, chromium, copper, lead, zinc and 
cyanide. Sampling has repeatedly demonstrated extreme chromium concentrations (with d o l e  percultages 
and as high as 290,000 ppm (Elaine Pelc, MDNR, &NhKnental Response Division, pen. comrn.). 

The Cannelton Industries site is a source of chromium in sediments along the US. side of the S t  Marys 
Riwzr. U.S. EPA completed a remedial investigation (RI) as part of superfund activities at the Cannelton 
Industries Site in 1991. U.S. EPA conducted sampling of soil, sediment, groundwater, and surface water on 
and near the site. Soil samples confirmed levels of chromium and other inorganic contaminants found in 
eartier studies and further defined the extent of contamination at the site @aine Pelc, MDNR. 
Environmental Response Division, pen. comrn.). Concentrations of chromium in the sediments ranged from 
3.65 to 1625 mglkg upstream of the site and up to 31,000 mglkg downstream of the site. The highest 
concentrations of chromium in the sediments were found in the small bay west of the coal dock, downstream 
from the Cannelton Industries site (designated Tannery Bay in the RI report) (USEPA 1991). Surface 
water concentrations ranged from "not detected" to 12 MIL upstream of the site. Samples collected 
adjacent to and downstream of the site ranged from "not detected" to 485 y l L  in an unfiltered water 
sample. The highest concentrations of chromium in the surface water were found off the point designated as 
Tannery Point" in the RI (US. EPA 1991). Only two of seventeen samples u~ceeded the State of 
Michigan's Rule 57(2) allowable l e d .  



The superfund RI report also indicated that the Camelton Industries site may not be a significant source of 
chromium contamination through the discharge of contaminated groundwater. Of 62 groundwater 
monitoring arells, only sewn have show detectable levels d chromium, with a maximum ooncentration of 
795 NIL. 

Chromium concentrations in bottom sediments ranged from 8 to 10 rnglkg at uncontaminated sites and from 
20 to 5200 mglkg nearshore and downstream d the Cannelton site. Concentrations in sediments 
immediately adjacent to the site were as high as 4,000 mglkg (Kenaga 1979). However, with the exception 
of one station with a chromium concentration of 40 yll chromium was not found in water samples above 
the analytical detection Ie* (Kmaga 1419). 

Interim containment actious implemented by Cameltan Industries include fencing the barren tone to limit 
access; construction of an erosion m n t d  structure on the bank of the S t  M a y  Rivcr, and installation of a 
sprinkler system o u r  the barren zone, to temporarily mitigate the threat of fires in the area 

The Union dispod site is a waste pile approximately 800 metus long and 45 meters high, unlined 
and uncovered. The wastes are from the Union Carbide's former production facility and are primarily 
calcium carbonates with minor amounts of heavy metals and cyanide, along with varying amounts of 
demolition debris. The Union Carbide waste pile is a Michigan Act 307 site ranked as number 182 out of 
567 in Michigan's Group 1 list in 1989 (MDNR 1989). Groundwater contamination is not indicated in the 
Act 307 Listing (MDNR 1939). There are no monitoring wtlls at the site. The site was rescored in 1991 
and ranked 90 out of 748 sites (MDNR 1991). 

T h e m 3  . . accepted municipal and light industiial refuse and is now dosed. 
Following dosure, the landfill was cowred with a Jay cap and six monitoring wells mere installed. Based on 
limited monitoring data, there stuns to be an &ect on groundwater due to the landfill, but the degree of 
contamination is unclear. The landfill may be a potential (though unlikely) source of trichloroethene, 
trichloroethane and perchloroethene contamination in nearby residential and public supply wells (Mark 
Petrie, MDNR, Environmental Response Division, pen. comm.). The Superior Sanitation 3 Mile Site is a 
Michigan Act 307 site ranked as number 490 out of 567 sites in Michigan's Group 1 list in 1989 (MDNR 
1989). The site was not rescored in 1991. 

The former 753 -is a Michigan Act 307 site and in 1989 was ranked 208 of 567 in 
Michigan's Group 1 list (MDNR 1989). Groundwater at the site is contaminated with lead, PCE. TCE and 
TCA The US. Army Corps of Engineers (USACOE) is responsible for site deanup and has produced a 
hazardous and toxic waste evaluation. They are currently proceeding with the cleanup. 

8.3.7 Shipping 

8.3.7.1 Ontario 

The average number of vessels passing through the locks decreased from 26,122 vessels in 1953 to 12,712 in 
1970, and to 8,345 in 1986. The Canadian locks are no longer operational due to structural wall failures. 
The vessels carry mainly crude oil, grain, steel, coal, petroleum products, taconite and iron ore between Lake 
Superior and the industrial centres on the lower lakes (UGLCCS 1988). 

It is recognized that transient riur traffic can act as a source of contaminants to the S t  Marys River. 1987 
to 1990 information from the Canada Coast Guard (CCG) g i w  a non-quantified indication of the frequency 
of ship-based spills that may occur in the S t  Mary Ri=c 

1987 191 pdlution incidents were reported in the CCG Great Lakes Region. Of these reported 
incidents, a total of 10 occurred in the St  M a y  Rivlcr. Eight were identified as shore 



based incidents and 2 were mystery sources. All of the oil sheen occurrences originated 
from shore based sources. 

1988 155 pollution incidents were reported in the CCG Great Lakes Region. Of these reported 
incidents, a total of 5 occurred m the S t  Marys River. T w  were identified as shore based 
incidents, 2 were mystery sources and one incident did not contain contaminants. None of 
the reported incidents were petroleum. 

1989 219 pollution incidents were reported in the CCG Great Lakes Region. Of these reported 
incidents, a total d 21 occurred in the St  Marys River. Thirteen of these incidents were oil 
sheens of which 7 anre shore based and 6 were mystery sources. There was one ship based 
spill where &urn chloride was released into the S t  Marys River. 

1990 217 pdiution incidents were reported in the CCG Great Lakes Region. Of these reported 
incidents, a total d 7 ocarmd in the S t  Marys River. Fiver were identified as shore based 
incidents, 1 was a mystery source and 1 wns ship based. Three of these spills were 
petroleum related, 2 were land based and one was a result of bilge from a tug. 

Discharges of oil which could be recovered from the water were recovered. Light sheens of gasoline and 
diesel are impossible to recover but evaporate quickly (R. Quick, CCG, pen. comm.). 

8.3.7.2 Michigan 

Ail river traffic now passes through the American Locks (Canadian locks are closed). The US. Coast Guard 
Station located at Sault Ste. Marie reported a total of 19 spills from vwels during the five year period from 
1982 through 1986 (US. Coast Guard 1990). These spills occurred throughout their monitoring area which 
includes northern Lakes Michigan and Huron. The data provided were not sufficient to determine those 
vessel-based spills which occurred in the S t  M a y  River. Oil substances and non-contaminated water were 
the only substances identified in these spills. 

During Nowmber, 1988 the US. Coast Guard received reports of four separate sightings of oil sheens on the 
S t  Marys River (US. Coast Guard 1990). Quantities and sources of the oil substance(s) spilled were not 
determined and no clean-up was feasible. In 1989 there were three reports of oil sheens in the Michigan 
portion of the S t  Marys River. AU -re traced to Canadian sourcts including two from Algoma Steel 
outfalls and one in the vicinity of Fort Creek. 

8.3.8 Spills 

Land-based spills can be a significant source of contamination to the AoC and may constitute a major 
concern. The concern is that the riw may, during a short period of time, be subjected to a shock 
con taminant loading that may be several orders of magnitude greater than the average loading. 

8.3.8.1 Ontario 

A summary of spills from Ontario sources into the S t  Marys R i m  is listed in Table 8.14. Algoma Steel was 
responsible for a variety of these spills, and has had mapr phenol spills in 1983,1985, 1988 and 1989. Data 
for 1987 are not available. Each spill represents a significant phenol shock loading to the river over a short 
period. For example, the 1983 phenol spill put about 24 tomes of phenol into the river over a short period 
of time (3 days) which was 1 to 2 orders of magnitude greater than the normal loading from Algoma 
discharges at that time. In 1989 Algoma Steel had two mapr spills of blast furnace slurry plus taro 
significant rinse water spills (Table 8.14). 



Table 8.14 Summary of spills to the St Marys Riwx hwn M a n  sources 1983 to 1989 (UGLCCS 
1988 and OMOE 1990~). 
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8.3.8.2 Michigan 

The Michigan Department of Natural Resources has a Pollution Emergency Alerting System (PEAS) which 
receives reports of spills, accidents, discharges and problems related to pollution. The only summary of spills 
reported to PEAS which is currently available for the St. Marys River covers the period January 1, 1984 
through 1989 (MDNR Data Files). A total of six spills, related to the St. Marys River, were reported during 
this period. Four of the reported spills originated in Ontario. Michigan based spills included oil of an unknown 
amount and source reported on the river on April 2, 1986 and 2 to 4 litres of gasoline released from a truck into 
the Charlotte River on August 27, 1985. A further report of dead lake trout was recorded for Lpke Munuscong 
on September 30, 1985 (MDNR Data Files). 

The United States Coast Guard (USCG) also monitors, tracks and investigates spills in the St. Msrys River. 
Between April 27, 1988 and August 31, 1989 six spills have been recorded by the USCG (Table 8.15) of which 
two were tracked to Ontario sources and the remaining four are unknown (Table 6.15). 

Table 8.15 Six spills to the St. Marys River reported to the United States Coast Guard (USCG) during 
1988 and 1989. 

Date 

light, oily sheen I unknown I unknown 
I I 

Description of 
Pollutants 

Area Affected 

light, oily sheen 

- -- 

unknown 

Source of Pollutants 

Canadian power canal outfall area I Possible storm drain or 
downstream to city hall industrial outfall' 

light, patchy sheen 

light, patchy sheen I Washing up on shore just down from 6 mile 1 unknown 

- -- 

Mission point to 1.6 km (1 mi) above 6 mile 
point, sighted as far upstream as Nogoma 
Township, Sault Ste. Marie, Ontario. 

particles of wood I point 
I I 

light, oily sheen 

oily slick and white, 
foamy paper or 
fibre product 1 

Little Rapids cut from shore-to-shore down to 
6 mile point; covers area from Canadian 
power canal to 6 mile point. 

10 km (6 mi) long by 450 m (500 yd) wide 
traced to Algoma Steel Company outfall. 
Outfall discharging black slag with heavy 
rainbow sheen 

unknown 

Possible Algoma Steel 
Company outfall, 
municipal sewers or 
forgotten storage tank.' 

Source tracked by USCG to Canadian Source. 
OMOE/Canada Coast Guard is notified for follow up. 

8.3.9 Other Non-point Sources 

There are numerous other suspected sources of contaminants to the St. Marys River AeC. Large amounts of 
herbicides, pesticides and fertilizers are applied to areas such as powerlines, railways, road right of ways, 
residential and commercial properties and agricultunl and forested lands. 



8.4 SUMMARY 

Table 8.16 summarizes the major point and non-point source loading estimates adab le  at the time of 
writing. This Table represents a combination d 1986 data from the UGLCCS (1988) final report and more 
recent point source data from 1988 and 1989. Specific parameters which were updated are noted in the 
footnote to TaMe 8.16. The original UGLCCS (1988) loadings (including total loadings to the river) are 
provided in TaMe 8.4 for annparativc plrposes. 

Point sources continue to amtn'bute the greatest load&& by far, of all parameters with the exception of 
copper, nickel (limited data), cobalt, cadmium. PCBs and HCB. Non-point sources contribute 17% to 29% 
of the percent of the chloride loadings to the St. Marys Riwr, 29% of the copper, 37% of the lead; 16% of 
the me-, 25% of the lint; up to 65% of the nickel, and between 34% and 44% of the PAHs. 
Atmospheric sources contribute to urban runoff loadings as 4 as directly to the river and tributaries. 
Atmospheric inputs are likely the largest =-point source of PAHs and PCBs to the S t  Maxy River. The 
relative importance of these non-point sources of PAHs arc probably higher than the data suggest, as the 
PAH loading calculated for the East End WPCP is believed to be overestimated (UGLCCS 1988). 

In total, the river is subjcaed to daily loadings of 23.8 tomes of suspended solids, 29.9 to 34.9 tonnes of 
chloride, 3 2  tonnes of oil and grease and 2.8 tomes of iron. 

Recent loadings data (1988). in comparison to the 1986 loadings reported by UGLCCS (1988). indicate that 
loadings of oil and grease are at the lower range of those reported for 1986, whereas suspended solids 
loadings have more than doubled Increasing TSS loads reflects higher loadings at all Ontario industrial and 
municipal facilities. Suspended solids loadings at the Michigan WWrP in 1988 and 1989 wcre less than half 
those of 1986 (F~gure 8.7). 

The only other parameter for which loadings ha= increased from 1986 to 1988 is total phenols. This reflects 
higher loads contributed from Algoma Steel. 

Since 1986, point source loadings haw declined for total phosphorus (by 21 percent), ammonia (3 to 37 
percent). zinc (18 percent) and cyanide (12 percent). I m v e n t s  in phosphorous loadings are primarily 
due to reductions at the Sault Ste. Marie (East End) WPCP, whereas decreased loadings of ammonia, 
cyanide and zinc are mastiy attributable to reductions at Algoma Steel. 

Continued reductions in contaminant loadings from Algoma Steel are expected as a result of the newly 
installed filtration systun. which commenced operation in April 1990. as a rquirunent of the OMOE 
Control Order. Loadings from Algoma Steel for 1989 and 1990 were not available for the writing of this 
report However, "ma# reductions in suspended solids, ether solubles, cyanide and phenols have occurred 
in 1989 and 1990" (OMOE unpublished data) and these reductions "will have to be taken into consideration 
when recommendations for abatement are made' (LaHayc, OMOE, pen. comm.). 



Table 8.16 Sumnary of Hajor Point, Tributary and Non-point Source Loadings to the St. Harys River (kgfday). 

k J a  A l g a r  St. East YI.t Ilcblgm E. Davlqur, F a t  Daumtt I - I  -I l l l l  - I  - 1 - 1  - 
Oil rd 2,475 231 349 13 84 - - - - - 
0.- 

Total 20 4.7  54 5.5 10.5 0.8 0.41 0.07 1.86 4.70 - 
k a r i a  3.806 6 .0  195.5 14.8 29 5.7 1.7 2.8 3.96 21.37 
Wltraprr 

Polnt sarcr data a bawd ar W S  (1988) results for 1986 (r- for PAH. at Al- reflects the dlfferrrrr  k t -  UZCCS 1986 urvl.y reurlts ad 
ntSA Pilot Slte studies) rpdated wlth 1988 self rarltorlrrg data for St. U u y .  Pqmr (TSS) rd Al- Stool (011 ad Grrrw,  k o n l a ,  TSS, Fe, h, M 
rd Plnnolr); 1989 u l f  m l t o r l n g  data lor t h  E u t  E d  UFCP (TSS, TP). West M YPB (TSS, W) rd l4lchigm YYTP ( T S ,  TP, Cu, M, Pb, b); ud 
1988-90 tX!€ s t n r  mitor l r rg  far E u t  Dmvlgwr, C d  (TP, -la, TSS, Cu, Fe, Pb, Zn, Hi, M rd Phenols) rd F a t  Cmek ( k o n l a ,  TSS, Cu,Fe, Pb, 
h, Wl rrd phenol.). 

Wmpoint scura data t d ~ m  f r a  W S  (1988) rd b a d  cn p u t  ial data bases. 
* Outfall < l n t a e  - No Data 
Wo data ava l ld le  for t h  follwlng cartmlnmts: usonlc,  chroalm m d  rrqmew. 



Mercury is the only contaminant which contributes to fish consumption advisories in the St. Marys AoC (see 
Chapters 6 and 7). The largest point source of mercury is Algoma Steel (1986 data) by an order of magnitude 
higher than the next highest point source (East End WPCP, Table 8.16). Mercury in sediments and bedrock 
and contributions from the atmosphere and Lake Superior are, however, believed to be the primary cause of 
the fish consumption advisory (Chapter 6). 

Benthos are considered to be impaid in the St. Marys AoC. Sediments contaminated with oil and grease are 
known to affect the presence of Haagcnia limbata. Algoma Steel effluents contributed 76.3 percent of the 
total point source loadings of oil and grease during 1988 (Table 8.16). Secondary large sources of oil and 
grease include St. Marys Paper (1988 data) and the East End WPCP (1986 data). 

Oil and grease from Algoma Steel has also been identified as contributing to the degradation of aesthetics in the 
AoC. 

The accumulation of PAHs in mussel tissue was also identified as a concern (Chapter 6). The greatest loadings 
of these compounds to the river arc the point discharges from Algoma Steel and non-point urban runoff 
contributions (likely atmospherically derived) based on the 1986 data. 

Sediments along the Ontario shore of the St. Marys River downstream from Algoma Steel to Lake George 
contain concentrations of iron, chromium, zinc, lead, arsenic, manganese, nickel, copper, cyanide, oil and 
grease, PCBs, PAHs, LO1 and total phosphorus which exceed the OMOE or U.S. EPA guidelines for disposing 
of dredged materials in open waters. Sediments in Little Lake George, Lake George and Lake Nicolet are also 
show exceedences of TKN. As well, levels of benm(a)pyrene are above the proposed UC objective. Major 
sources of these parameters which likely contribute to sediment impairments are: Algoma Steel for oil and 
grease, cyanide, lead, mercury, zinc, iron, and PAHs; tributaries for nickel and copper; and atmospheric non- 
point sources for PCBs. The Sault Ste. Marie (East End) WPCP and non-point sources also contribute loadings 
of copper to the river. The sources of chromium and arsenic to the sediment impairments are not apparent from 
Table 8.16. The Cannelton Industries Site serves as a non-point source of chromium to sediments along the 
U.S. side of the St. Marys River. 

Ambient water quality standards have been exceeded in Ontario and Michigan. Levels of dissolved oxygen, 
turbidity, total phenols, total and unionized ammonia, free cyanide, iron, total phosphorus total PAHs and 
bacteria have exceeded their respective PWQO, MWQS and GLWQA objectives and guidelines downstream of 
Ontario industrial and municipal sources. Cyanide levels were not exceeded in the 1986187 OMOE survey. The 
major source contributing to e x d e n c e s  of water quality standards in Ontario is Algoma Steel for all 
parameters except total phosphorus (Table 8.16). Phenols exceeded water quality standards in Michigan waters 
and its source has been attributed to transboundary migration. The East End WPCP is the main source for total 
phosphorus. 
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GLOSSARY, ACRONYMS AND UNITS OF MEASURE 





MEASUREMENTS & UNITS 

n g h  

Lld 

m31d 

milligram per liter = partpermillion @pm)* 
microgram per liter = partperbillion (ppb)* 
nanogram per liter = partpertrillim (ppt)* 
(me trillenth part of a gram) 

piax?== per litre = partperquadrillia@pq) 

miaogr~m per gram = partpermilli=@pn) 

milligram per kilogram = part per million (ppm) 

m i a ~ g r e m p ~ w ~  = part per billion (ppb) 

nanogr~mper~ogram = partpertrillion @pt) 

liter per day 

cubic meters per day 

millions of gallons per day 

cubic feet per second 

cubic meten per second 

kilograms per day 

PO- Per day 

kwF- per year 

tomes per year 

microsiemens per centimeter (conductivity) 

EQUIVALENT UNITS 

meter = m lm = 3281 feet 

kilometer = h  1 km = 0.621 miles 

gram = g loo0 g = 1 kg = 2205 pwn& 
tonne = t  1 t = 2,205 porn& 

liter (Can.) = L 1 L = 02642 gal (US.) = 02200 gal 



CONVERSION TABLES 

hectans 
sq. meters 

centimeters 
centimeters 

inches 
yardr 

feet meters 

kilograms 
Ounces 
pounds 

acres 

inches centimeters 

kilograms 
kilograms 
kilograms 

kilometers 
kilometers 
kilometers 

miles 
yards 
feet 

liters 
liters 

feet 
miles 
yards 

meters 
meters 
meters 

miles kilometers 

ounces 
ounces (fluid) 

gr- 
liters 

pounddmillion gal. 



squrve feet 
square inches 
square kilometers 
squntekilamctus 
square Idlameters 
square meters 

temperature OF 
temperature OC 

centimeters 
kilometen 
meters 



ACRONYMS 

Aaxpuble Daily Intake: Thc dose that is antiapated to be without risk to humans 
vhcn  taka^ daily. It is not assumed that this dose guarantees lbsdute safety. The 
dettxminatiaa d the AD1 is ofkn based m the application d labontory animal toxicity 
data conarning chronic (long-term) doses to the enVirogMmta1 doees to which humans 
are expmed. 

Aluminum 

Areas d Coocern: Goographic locations recognized by the Intcmational Joint 
Commissim whue water, sediment or fish quality are degraded, and the objectives of 
the Great Lakes Water Quality Agreement of local environmental standards are not 
beingadl id  

As Arsenic 

Ba Barium 

BAT But  Available TechnologyITrcatment 

BATEA But  Available TechnologyITreatment Economically Achievable 

BCF Bioconcentration Factor, the ratio d the concentration of a partidar substance in an 
organism to concentration in mkr.  

BCT Best Conventional Technology/Treatment. 

B U  

BHC 

BOD 

BMP 

BPAC 

BPJ 

BPT 

Br 

m 

Ca 

But Engineering Judgement. 

Benzene Hugchloride or HuQchloroc)tclohugne. There art three isomers; alpha beta, 
and gamma. Gamma-BHC is the insectiade lindane. 

Biochemical Oxygen Dunand: The amount of dissolved oxygen consumed during the 
decomposition of organic nutrients in water during a controlled period and temperature. 

Best Management Practices 

Binational Public Advisory Committee 

Best Professional Judgment 

Best Practical Treatment 

Bromine 

Benzene. Toluene, Xylene 



COA 

COD 

Cu 
.i 

CWA 

DCB 

DDD 

DDE 

DDT 

DFO 

DIC 

DMR 

DOA 

DOC 

DOEtEC 

EC-U) 

i 

(related to joint spill agreement) 

cadmium 

Comprehdve Environmental Respollsc, Compensation and Liability Act 

Code of Federal Regulations 

Chlorine 

Critical Materials Register 

Cobalt 

Canadaihtario Agreement Respectiag Watu Quality in the Great Lakes. 

Chemical Oxygen Danand: The amomt of oxygen required to oaidize completely by 
chemical reagents the oxidizable compounds in an environmental sample. 

Certificate of Approval 

Chromium 

Combined Sewer Overflow, combined storm and sanitay sewer systems. 

copper 

Clean Water Act 

Dichlorobcnzcne 

(1.1 -dichloro-U-bis (4-ch1orophtnyl)ethane). A natural breakdown product of DDT. 

Dichlorodiphenyldichloroethylure. A natural breakdown product DDT. 

~icfilorodi~hen~trichloroethane: A widely used, very persistent chlorinated pesticide 
(now banned from production and use in many countries). 

Department of Fisheries and Oceans (Canada) 

Dissolved Inorganic Carbon 

D i a r g e  Monitoring Report 

Department of Agriculture (Canada) 

Dissolved Organic Carbon 

Department of EnvironmenttEnvimnment Canada 

Effective concentration of a substance producing a defined response in 50% of a test 
population. Tbe higher the EC-50, the less effective the substance is because it requires 
more material to elicit the desired response. 



EMS 

EP 

EPIOR 

EPA 

F 

FDA 

GLWQA 

HCB 

HCBD 

HCE 

Hg 

Hwc 

UC 

IPP 

K 

LAMP 

LC50 

Eaboment  Management Sptan 

Food a& Drug Administration 

Iron 

Great Imlces International Sumillaace Plan. It provides monitoring and surveillaace 
guidance to US. and Canadian agencies nspoiosiMe for implementing the provisim d 
the GLWQA that include g d  sundance and research needs as 4 as mmitoriag 
for results of media l  actions. 

Great Lakes Water Quality Agreement 

Health and Welfare Canada 

International Joint Commission: A binational organization established in 1909 by the 
Boundvy Warn Treaty. Through the UC, Canada and the United Statcs cooperatively 
r d w  p r o b l u ~  along their cornmon border, including water and air pollution, lake 
I m l s ,  p o w  generation and other issues of mutual conccm. 

Industrial Pretreatment Program 

Potassium 

Lakewide Managunent Plan 

Lethal concentration @y volume) of a toxicant or effluent which is lethal to 5096 of the 
test organism over a specif14 time period. The higher the LCSD, the less toxic it is 
becaw it takes more toxicant to elicit the same response. 

Lethal dose which is lethal to !X% of the test organism over a specified time period. 
The higher the LIDSD, the ltss toSc it is becaw it takes more toxicant to elicit the same 
response. 

Maximurn Contaminant L e d  



-... 

;I M U G  

MDPH 

w4 
MGD 

NOAA 

NPDES 

NPDWR 

NPS 

NSPS 

m 

OCS 

OMNR 

OMOE 

P 

Maximum Contaminaut Level Goal 

w a n  Dqwtmcnt at Natural Resaur;es 

Midrigan Department of PubIic Health 

Micbigan Envimnmental Rtrpaace Aa 

Mudpal-Iadustrirrl Strategy for Abatement Thc principal goal d this program is the 
virturl eIiminatim d toxia didurged from point sources to surface wmtefs in Ontario. 

rYirrsaesi- 

Million Gallons P u  Day 

Manganese 

Mdybdenum 

Michigan State Pdice 

Sodium 

National Oil and Hazardous Substances Pollution &tingeocy Plan 

Ammonia 

Nkkel 

Nitrate 

National Oceanic and Atmospheric Administration 

National Pdlutaot Discharge Elimination S y s w  a permit sys tun  limiting muniapal 
and industrial discharges, administered by USEPA and the states. 

National Primary Drinking Water Regulation 

Nonpoint Some 

New Source Performance Standards 

Ncphelornetric Turbidity Unit 

O c t a c h l o r m ~ e  

Ontario Ministry of Natural Reswr#s 

Ontario Ministry of the Environme.t/Environment Ontario 



PAH 

Pb 

PBB 

P<31 

PCE 

PEAS 

pH 

P W W  

Q c B .  

RAP 

RCRA 

Se 

SDWA 

s o 4  

SPCC 

Sr 

SrP 

TCA 

TCB 

TWD 

Pdybtwnatcd biphenyl; used primarily as a fire retardant. 

Polydbhated bipbaryk; r dass d pdstent organic chemids with a potential to 
biovDanrmlrte and mpcckd CVpinoBeas; a family d chdcatly inert ampormds, 
having the properties d low fhmabUty and volatility a d  high efecbic insulntion 
quality. Past tpplicatiarJ indude use as hydraulic fluids, heat uchange and dielectric 
fl\ddo; plrrtisizLn for plastics. 

The negatiu to the base 10 of the hydrogen ion concentration. A measurt of 
acidity or nlltllinity of water an a scale from 0 to 14; 7 is neutral; low numbers indicate 
acidic conditions, high numbtrs, alkaline. 

PuMic Law 

Publidy Owned Treatment Works 

Persistcut Toxic Substance: Any toxic substance with a half-life in water of greater than 
eight weeks 

Proviacial Water Quality Objectives 

Runedial Action Plan 

Safe Drinking Water Act 

strontium 

Sewage Treatment Plant 



3 TCDF 

TCE 

TDS 

TKN 

TOC 

lWI'AL DDT 

TP 

TSS 

mEL 

UGLCCS 

USEPA 

VOC 

WHO 

WRC 

T e t r a c h l o r o d i ~  

TetrrrblOrOethme 

Total Dissolved Sdids 

Total Kjeldabl Nitrogen 

Total Organic Carbon 

Sum d DDT isomen and metabdim 

Total Wosphorus 

Total Susptnded Solids 

Treatment TechoologyBased Effluent Limitation 

Upper Great Laka Connecting Charnels Study 

Uaited States Enwimnmcntal Protection Agency 

Volatile Organic carbon 

World Health Organization 

Water Pollution Control Plant 

Water Quality Based Effiuent Limits 

Water Quality Standards 

Water Resources Commission 

Water Treatment Plant (for dhking water) 

Waste Water Treatment Plant 

Zinc 



TERMINOLOGY 

ABSORPTION PaWration of oae substance into the body of another. 

ACCLIMATIZATION Acdimntim d a particular species o w  s e d  genuatiors in mpmsc to marked 
mvimrnaentalctunges 

ACCUMULATION S t o m  md amcentration d r charrirnl in tissue to an amount higher than intake of 
the cbanicrt May also apply to the storage and co~lccptration d a chemical in aquatic 
sediments to levels abow tbo6e that arc present in the water column. 

ACUTE Involving a stimulus smre arough to rapidly induce a response; in bioassay tests, a 
resparre obsuxd within % hanr is typically amsidertd an acute one. 

ACUl'E TOXICI'IY Mortality that is produced within a short period of time, usually 24 to % hours. 

ADAPTATION Change in the structure forms or habits of an organism to better fit changed or misting 
cnvimamcntal d t i o m .  See atso Acclimation. 

ADSORPTION The taking up of one substance at the surface of another. 

AEROBIC The condition associated with the prese~lce of free oxygen in the environment. 

ALGA@) Simple om celled or many celled mi~o-organisms, usually free floating, capable of 
canying on photosynthesis in aquatic ecosys-. 

ALGICIDE A spedic chemical highly toxic to algae. Algiades arc often applied to water to control 
nuisance algal blooms. 

ALKALlNlTY A measurement of acid neutralization or buffering capability of a solution (See pH). 

AMBIENT Pertaining to the cxisting/surnwmding environtnent and its components. 

AMBIENI' WATER The water column or surface water as opposed to groundwaters or sediments. 

AMPULES A sealed glass container of a know concentration of a substance. 

ANADROMOUS Specits which migrate from salt water to fresb water to breed. 

ANAEROBE An organism for whose life processes a complete or nearly complete abscnce of oxygen 
is tssential. 

ANOXIA The absence d oxygen necessary for sustaining most life. In aquatic ecosystems this 
refers to the ahwce of dissdved oxygen in watu. 

ANTAGONISM Reduction d the effect of one substance because of the introduction or presence of 
another subtaace; e.g. one substance may hinder, or amnteract, the toxic influence of 
another. See also Synergism. 



1 APPLICATION FACIOR A factor applied to a short-term or acute toxicity test to estimate a ccmcmtratioa 
dwastcthat~besafeinarccdvingwatu.  

AQUATIC Uving ia water. 

ASSIMILATION The ~YW@CXI,  transfer and incorporati011 d substaaces (eg. nutrients by an organism or 
=w-)- 

ASSIMILATIVE CAPACl'IY The ability d a watabdy to transform and/or incorporate subs- (eg. 
nutrie~tr) by the cauytem, such that the water quality docs mt degrade below a 
predetermined I& 

B-C W or living am or in the bottom d a water body, benthic region, benthos. 

BIOACCUMULATION Uptake and retention of environmental substances by an orgaaism from both its 
environment (i.e. directly from the water) and its food. 

BIOASSAY A determination of the amcentration or dose of a given material necessary to affect a 
test organisn under stated conditions. 

BIOCONcEWR4TION The ability of an organism to concentrate substances within its body at 

) omcentrations greater than in its surrounding environment or food. 

BIOCONCENlXATION F A m R  The IZIfiQ of the measured residue within an organism compared to the 
residue d the substance in the ambient air, water or soil environment of the organism. 

BIOLOGICAL MAGNIFICATION The concentration of a chemical up the food chain. 

BIOMASS Total dry wtight of all organisms in a given area or volume. 

BIOMONITORING The lrse d organisms to test the toxic effects of substaaccs in effluent dkharges as 
well as the chronic toxicity of low level pollutants in the ambient aquatic environment 

BIOTA Spedes of all the plants and animals occurring mithin a certain area or region. 

CARCINOGEN Cancer causing chemicals or substances. 

CHIRONOMID Any of a family of midges that lack piercing mouth parts. 

CHRONIC Involving a stimulus that lingen or continues for a long period of time, often oneltenth 
of the life span or more. 

CHRONIC TOXICITY Toxicity marked by a long duratioa, that products an adverse effect on organism. 
The end rtsult of chronic toxicity can be death altbough the usual effects an sublethal; 
e.g. inhibits reproduction or growth. 'Ibese effects arc reflected by changes in the 
productivity and population stnrcturc of the oommunity. See also h t e  Toxicity. 



COMMUNITY Group d populations d plants rad animals in r given place; ecdogical d t  raed in r 
broad raw to indude group6 d w h s  sizes and d c p c s  of integration. 

CONGENER A member d the same tpaowmic genus as another plant or animalr Also r ~~t 
a x d i p a h  or mixture d r spuik  chanical usually haw radical garps attached m 
m~nnemuo potential locatioaa 

CONTAMINANT A &stance foreign to a natural ryJtem or prestnt at unnatural amcentrations 

CONTAMINATION ?bt iatroductia~ d pathogaric or desirable miarmrgankms, toxic a d  other 
deletaiaa subaanccs which renders potable water, air, soils, or biota unfit for usc. 

COMIZOL ORDER/REQUJREMEKT AND DIRECIlON ORDER Enforceable orders m Ontario. 

CFUTERIA Numuical limits d pollutants ataMished to protect specific water ures. 

CRITERION, WATER QUALITY A designated concentration of a constituent based on scientific 
jdgments, that, d e n  not exceeded dl protect an. organism, a community of 
organisms, or a prescribed water w witb an adquatc degree of safety. 

CRlTICAL RANGE In bioassays the range of magnitude of any factor between the maximum l e d  of 
ool~cl~~tration at which w organisms responds (frequently mortality) to the minimum 
I m l  or conomtration at which all organ- respond under a given set of conditions. 

CUMULATIVE Brought about or increased in strength by succtssive additions. 

CUMULATIVE ACTION Irrcrrasingly severe effects due to either storage or concentration of a subbtawx 
within the organism 

DENSITY Number d individuals in relation to the space. 

DEIRITUS A produd of disintegration, defecation, destruction, or wearing away. 

DIATOM Any d a dass d minute planktonic unicellular or colonial algae with silicified skeletons. 

DIOXIN A group d approximately 75 chemicals of the chlorinated dibulzodioxin family, 
including 2,3,7,8 - tetrachlorodibuuopara-dioxin (2,3,7,8 - TCDD) which is generally 
amsidered the most toxic form 

DISSOLVED OXYGEN 'The amount of oxygen dissolvtd in water. 

DRAINAGE BASIN A waterway and the land area drained by it 

DREDGE SPOILS The material ruwved from the river, lake, or harbour bottom during d d g i n g  
operations. 
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1 DREDGING GUIDELINES Pmcduml direaicns deigned to minimitr the &msc effects d shoreli~~ 

md mdemater w~cllvatim with primary emphasis on the ~ l ~ l ~ ~ l t m t i ~ l l ~  of toxic 
materials within the drtdge Ipdlr 

ENVIRONMENT M tbe biotic .ad abiotic factors that actually affect an iorfividunl q p n i s m  at any paint 
in its life Cyde 

EPHEMERAL A plrnt that grows, flowen, md dies in a few days. 

EPHEMERA Invvtebrrrtts (rnafles) that live as adults only a vtry short time. 

EPILIMNION The warm, upper layu d wtter in a lake that ocaus during summer stratification. 

EROSION Tbeartaring awayandtransportatianofsoils, rocks a n d ~ l ~ m i n e r a l s f r o m  the 
land surface, shorelines, or river bottom by rainfall, ruuning water, waw and current 
action. 

EWROPHICATION The process of nutrient enrichment that causes high productivity and biomass in an 
aquatic ecosystem. Eutrophicatioo can be a natural process so it can be a cultural 
proass d e r a t e d  by an increase of nutrient loading to a waterbody by human activity. 

"1 
EXOTIC SPECIES Species that are not native to the Great Lakes and have been intentionally or 

inadvertently inroduced into the system 

FACULTATIVE Exhibiting a broad lifestyle which allows it to survive under a broad range of 
envinmmental conditions. 

FOODCHAIN The process by which organisms in higher trophic levels gain energy by consuming 
organisms at lower trophic levels; the dependence for food of organisms upon others in 
a series, btginning with plants and ending with the largest carnivores. 

GOAL An aim or objective towards wbich to strive; it may represent an ideal condition that is 
ditlicult, if not impossible to attain economically. 

GREAT LAKES BASIN ECOSY!XEM The interacting components of air, land, water and living 
0%- including man, within the drainage basin of the S t  Lawrace River at or 
upstream fmn the point at which this river becomes the international boundary 
between Canada and the United States (from Article 1 of the 1978 GLWQ Agreement). 

GREAT LAKES WATER QUALITY AGREEMENT (GLWQA) A joint agreement between Canada and 
the United States which commits the tw countries to develop and implement a plan to 
restore and maintain the many desirable uses of the waters in the Great Lakes Basin. 
Originally signed in 1972, the Agreement was amended in 1978 and 1987. 

GROUNDWATER Water entrained and flowing below the surface which may supply water to wells and 
springs. 



GUIDELIMES Any rrysatio~ or rule that pidu or m, i.e. suggested aiteria for pro%rpms or 
~ U Q I ~  fimitatiars. 

HALF-LIFE The period d time in which a suba?ace loses half of its active charadcrirtio ( u -  
speclhcpny in radidogical work); the amount d time rquircd for the amcentration d a 
pdhttrnt to decrease to half d the original value through natural decay or 
-tian. 

HAZARDOUS SUBSTANCES Clxmicals colrridved to be a threat to man in the envirarment, Muding 
d m t m x u  which ~mdividually or in combinntion with other substances) am cause death, 
diserrse ( i i  cancer)), behaviourpl .baormalities, genetic mutatiom. physiological 
malfrmcticms or physical ddormities. 

HYDROLOGIC CYCLE The natural cycle of water on earth, including precipitation as rain and snow, 
nmdi fmm land, storage in gramdwten, l akq  streams, and oceaps, and evaporation 
and trnrrsplntion (from plants) into the atmosphere to complete the w e .  

HYPOLIMNION The 0014 dense, lower layer of water in a lake that occurs during summer stratification. 

ICHTHYOLOGY A branch d zoology that deals with Mes. 

INCIPIENT LCSo Tht l d  d the toxicant which b lethal for 50% of individuals exposed for periods 
sufiiaendy long that acute lethal action has ceased Synonymous with lethal threshold 
co~cultratioa 

INCIPIENT LEI'HAL LEVEL That amcentration of a amtaminant beyoad which an organism could no 
longer survive for an indefinite puiod of b e .  

INSECTICIDE Substances or a mixture of substances intended to prevent, destroy or repel insects. 

LACUSIWNE Formed in, or growing in lakes. 

LEACHATE Materials dissolved or suspended in water that percolate through solids such as soils, 
solid wastes and rock l a p .  

LErHAL lnvdving a stimulus or effect directly causing death. 

LIPOPHlLIC Having an W t y  for fats or other lipids. 

LIlTORAL Productive shallow water mne of lakes, riwn or the seas, d t h  light penetration to the 
bottom; often occupied by rooted aquatic plants. 

LOADINGS Total mass of pollutant to a water body m r  a spedfied time; e.g. t o ~ e s  per year of 
phosp~-. 

MACROPHYTE A member of the maaPsoopic plant life (i.e. larger than algae) especially of a body of 
water. 

MACR0ZOOBENI;HOS The distribution of -tho6 in an aquatic ecos~tun is often used as an 
Mu of the impacts of contamination on the system. 

MALIGNANT Resistcnt to treatment, ocavring In sewre form and frequently fatal. 



MUTAGEN Any substame or effect which dtus genetic cbaraauistics or produces an inheritable 
charqe in tbe genetic mattrial. 

MUTAGENICrIY The ability d a substance to Mucc r detectable change in genetic material M c h  can 
be trpnsmittcd to progeny, or from oae cell generation to another dthin an individual. 

NONPOINT SOURCE Same d pdlution in wbicb pdlutants arc discharged over a widespread area or 
fran r number d sxnall inputs rather tban from distinct, idmtifiable sources. 

NUlXENT A chemical that is an essential raw material for the growth and development d 
organ'lsns. 

0RGANOCHU)RINE Chlorinated h y h c a b n  pesticides. 

PATHOGEN A disease causing agent such as bacteria, vinrses, and parasites. 

PERIPHYTON Organism that live attached to denwater surfaces. 

\ 
PERSSTENT TOXIC SUBSTANCES Any toxic substance with a half-life in watu and greater than eight 

weeks. 

PE!XICIDE Any substance used to kill plants, insectt, algae, fungi or other organisnz., includes 
herbiades, imectiades, algiades, fungiades. 

PHENOLICS Any of a number of compounds aritb the basic structure of phenol but with substitutions 
made onto this struchrre. P h d ~  arc produced during the coking of coal, the 
distillation d wood, the operation of gas wrk and oil refineries, from human and 
animal wastes, a d  the microbidogicat decomposition of organic matter. 

PHOTOSYNTHESIS A process ooarrriag in the cells of green plants and some rnimrganisnr, in which 
solar energy is transformed into stored chemical energy. 

PHYTOPHAGOUS Feeding on plants. 

PHYTOPLANKcrON Minute, miaosoopic aquatic vegetative Me; plant portioa of the planlstan; the plant 
cunmunity in marine and freshwater situations whit31 floats free in the water and 
contains many spedes d algae and diatoms. 

POINT SOURCE A source of pollution that is distinct and identifiable, such as an outfall pipe from an 
industrial plant 

POLLVTION (WATER) Anything causing or indudng objectionable conditions in any platercourse and 
affecbiog advcrsdy the environment and use or uses to whicb the water thereof may be 
pit 



POTABLE WATER Water suitable, m the bash d both health and rvstbetic consideratias, for 
aaoddalplrposer 

PRECAMBRIAN The &est m d gedogical hismy. 

PRJMARY TREATMENT Mechanicrl removpl d floatiug or settable solids from wastewater. 

PUBLIC Any persoq group, or org ; ra iu t i~  

RADIONUCLIDE A rPdiooctivc material. 

RAPmRS Birds d prey. 

RAW WATER M a c e  or gmmdwater that is adable  as a source of drinking water, but has not 
r e d d  my treaoneat . - 

RESUSPENSION (of sediment) The mnbbg of sediment partides and pollutants back into the water by 
storms, m a t s ,  organisms and human activities such as dredging. 

RIPARIAN Living or located an the bank of a natural watercourse. 

SCAUP A diving duclr. 

SECONDARY TREATMEW Primary treatment plus bacterial action to remove organic parts of the 
waste. 

SEDIMENT The fiaes or soils on the bottom of the r i w  or lake. 

SEICHE An adlation in water level from one end of a lake to another due to wind or 
atmospheric pressure. Most dramatic after an inturse but local weather disturbance 
passes olvcr one end of a large lake. 

SELENIUM A nonmetallic dement that chemically resembles sulfur and is obtained chiefly as a by 
product in copper refinin& and occurs in allotropic forms of amich a gray stable form 
varies in electrical amductivity with the intensity of its illumination and is used in 
electrooicdevices, 

SESSILE An animal that is attached to an obw or is iixcd in place (e.g. barnads). 

SIGMOID CURVE Sshaped curve (eg. the logistic cum) 

SLUDGE The solids removed from waste treatment facilities. 

SrABILrIY Absence of fluctuations in populations; ability to withstand perturbations without large 
changes in composition. 

mTZFiCATION (or layering) The tendency in deep lakes for distinct layen of water to form as a result 
of vvtical change in temperature and therefore, in the d d t y  of water. 

SUBACUTE Involving a stimulus below the level that causes death. 



-. 
1 

SUBCHRONIC Effects from rbort-tcrm multiple m e  or c*pasure; usually means eqmmrc for less 
than thra mmths. 

SUSPENDED SEDIMENIS Particulate matter suspmded in water. 

SYNERGISM 'Ibe joint da~ d two or mom substances is greater than the sum of the action of each 
d the individual sub tat^^^. Thc improvement in performance is achievtd because taro 
agahts ire making together. See also Antagonism. 

SYNERGISIlC IntuPctia~~ d taro or more substances or organisms producing a result such that the total 
effcd is greater than the sum d the individual effects. 

TAXA A group of similar organisms. 

TAXONOMICALLY To identify an organism by its structurt. 

TERATOGEN A substance that increases the incidence of birth defects. 

TERATOGENICITY The ability of a substance to produce irreversible biRh defects, or anatomical or 
frmctional disorden as a result of an effect on the devlcloping embryo. 

THERMOCLINE A layer d water in lakes separating cool hypolimnion ( l o w  layer) from the warm 
epilinmiaa (surface layer). 

THRESHOLD The chemical concentration or doae that must be reached before a given reaction 
occurs. 

TOXIC SUBSTANCE As defined in the Great Lakes Agreement, and substance that advtnely affects the 
health or artll being of any living organism. 

TOYCICTTY Quality, state or degree of the harmful effect resulting from alteration of an 
envimmnental factor. 

TRANSLAXATION Movcme~t d chemicals within a plant or a n i d ,  usually refers to systanic herbicides 
and insecticides that are moved from the point of contact on the plant to other regions 
d the plant 

TROPHIC ACCUMULATION P a d q  d a substance through a food chain such that each organism 
retains all or a portion of the amount in its food and emtually acquires a higher 
concentration in its flesh than in its food See also Biological Magnification. 

TROPHIC LEVEL Functional dassificatiau of organisms in a community according to feeding relationships; 
the first trophic level indudes green plants, the second level includes herbivores; etc 

TROPHIC STATUS A measure of the biological ptoductivity in a body of water. Aquatic *tuns are 
charactuized u digotrophic (low productivity), mesotrophic (medium productivity) or 
eutrophic (high productivity). 



TURBIDITY Dcficiat m darity d water. 

WATER 

WATER QUAL.lTY STANDARD A Criterim or objective for a spedfic watu use standad that is 
baqxmted into enforceable regulations. 

WIND =-UP A local rise in water levels d by winds pushing water to one side of a lake. (Set 
Seiche) 



One part per billiorc 
= one inch in 16,000 miles; 
= anesecondin32yean; 
= a pinch of salt in 10 tons d potato chips; 
= m e  bad apple in 2 million barrels. 

One part per trillion: 
= om batsbreadth (blond specified) in a trip around the wdd; 
= m e  seoond in 3#)caoturies; 

1 = a pinch d salt in 10,000 tom d potato chips; 
= a drop d vermouth in 2K),000 hogsheads of gin; or, geUing even more specific; 
= m e  flea in 360 million elephants. 

At what point are chemicals perceived? Table salt in arilter becomes somewhat unpalatable at one part p a  
thousand; swimmers can detect chlorine in a pool at one part per million; and sensiti* noses can detect the 
odour d fuel oil at one part per billim One part per trillion of anything is not detectable without the use of 
advanced and axtly analytical equipment. 
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Appendix 2.1 ~uidelines for Recommendi1:g the Listing and 
~elisting of Great Lakes Areas of Concern 

USE IMPAIRMENT LISTING GUIDELINE 
- 

DELISTING GUIDELINE RATIONALE REFERENCE - 
RESTRICTIONSON When contamlnant ieveb in fish or wild- When contaminant levels in fish md wild- h u n t s  foc juridctiond Adapted lrom Mad. 
FISH AND WILDLIFE He populations exceed anent standards, file populations do not exceed anent end federal standards; 1988 
CONSUMPTION objectives or guidelines, or pubflc health standards, objectives or guidelines. emphasizes bcal watershed 

advisories are In elect for human con- and na prMlc health odvisorles are In sources. 
sumption of Csh or wildlile. Contamimt eHect lor human consumplion ol fish or 
levels in fish and wiMile must k due wildlile. Conlarllinant levels in fish 
to contaminanl lnput lrom the watenhed. and wildlife must be due to contamlnant 

Input lrom the walenhed. 

TAINTING OF FISH When ambient water quality standards, When survey results confirm no tainting Sensitive to ambient water See American Public 
AND WILDLIFE objectives, or guidelines. for Ihe anthro- ol fish or wildlile flavor. quality sland;irds lor Health kAssodabon 
FLAVOR pogenic subslance(s) known L, cause tainting substances; (1980) fw survey 

lainling, are being exceeded or survey emphasizes survey resub. melhods 
results have identified tainting of fish 
or wiMlile flavor. 

..-- - - - -- -- 
DEGRADED FISH AND 
WILDLIFE 
POPULATIONS 

FISH TUMORS OR 
OTHER DEFORMITIES 

When fish and wildlile management pro. 
grams have identified degraded fish M 
wildl~le populations due to a cause 
within the walershed. In addition, this 
use will be considered impaired when 
relevant, field~validaled, fish or wild. 
lile bioassays with appropriate quality 
assurancelquality conlrols confirm 
significant toxicity lrom water column 
or sediment conlaminanls. 

When environmental conditions suppod 
heallhy, sell-sustaining communities ol 
desired fish and wildlile at predeter. 
mined levels of abundance that would be 
expeded lrom the amount and quality ol 
suilable physical, chemical and biological 
habitat present. An eflofl musl be made to 
ensure that fish and wildlife objectives lor 
Areas ol Concern are consistent wih Great 
Lakes ecosystem objectives and Great 
Lakes Fishery Commission fish community 
goals. Furlher, in the absence ol community 
slructure dala, this use will be considered 
restored when fish and wildlile bioassays 
confirm no significanl toxicity from water 
column or sediment contaminants. 

Emphasizes k h  and wild- Mapled lrom Mxny 
lile managemenl plogram Md Pacific, 1988. 
goals; mnslslenl with W~xonsin DNR 1987 
Agreement and Great Lakes United Slates and 
Fishery Commission goals; Canada. 1987. 
accounts lor toxicity Great Lakes fishey 
bioassays. Commission 19W 

When the incidence rales ol fish tumors When the incidence rates 01 fish tumors Consislenl with expert Adapled hom h42: 
or other delormities exceed rates at or other delormtt~es do not exceed rales opinion on tumors; admow and Sm~lh, 1488. 
unimpaded control sites or when survey a1 unimpaded control sites and when ledges background incidence Black 1983; 
data confirm the presence ol neoplastic survey data confirm the absence ol neo- rales. Baumann el al 1982 
or preneoplaslc he r  lumon In bull. plastic or preneoplastic liver tumors in 
heads or suckers. bullheads or suckers. 

BIRD OR ANIMAL When wildlile survey data confirm Ihe When the incidence rales ol deformities Emphasizes confirmalion Adapled hom KuGak 
DEFORMITIES OR presence 01 delormities (e g uoss.bill (e g. uoss bill syndrome) or reproduc- through survey data; makes 1988; Miller 1988. 
REPRODUCTIVE syndrome) or other reprododive problems tiwe poblems (e g. egg shell thinning) necessary control com- W~emeyer et al 
PROBLEMS (e g egg.shell thinning) in sentinel in sentinel wildlile species do not parisonr. 1984 

wildlire species. exceed background levels in inland 
control populalions. 

DEGRADATION 
BENTHOS 

OF When the benthic macroimerlebrate corn- 
munity structure significanlkf &verges 
hom unimpacted cunbol sites ol compare 
able physid and chemical charaderis- 
t ia. In addlion, this use will be 
considered impaired when toxicity (as 
defined by rekvanl. lieu-vaKQled. 
bioassays with ;Ippropnale quality 
assuranc8/qualily controls) of sedimenb 
assodaled conlaminanls at a site is 
s q n i f t U y  hiher lhan ambols. 

When the benthic macroimerlebrate h u n t s  lor community Adapted from 
community structure does nOl significant- slructure and composition; Reynoldson 19M. 
ly diverge hom unimpaded control sites recognizes sediment toxic- Henry 1988; UC 1968 
01 comparable physical and & m i d  ity: uses appcopriale con- 
characterislia. Further, in the trol sites. 
ab:ence of community slrudure data. 
this use win be considered reslored 
when loxidry 01 sdtmenl-assodaled 
conlaminants is no1 significanlly 
higher ha , )  controls. 
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Appendix 3.1 St. Marys River Remedial Action Plan (RAP) Team Members 

Mr. Jack Rydquist 
Michigan Department of Natural Resources 
Marquette Regional Headquarters 
1990 U.S. 41 South 
MARQUETTE, Michigan 49855 
(906) 228-6561 Work 
(906) 228-5245 Fax 

Ms. Lori Duncan 
Environment Canada 
6th Floor 
25 S t  Clair Avenue East 
TORONTO, Ontario 
M4T 1M2 
(416) 973-1106 Work 
(416) 973-7438 Fax 

Dr. Peter Kauss 
Great Lakes Section 
Water Rewurces Branch 
Ministry of the Environment 
6th Floor 
1 St. Clair Avenue West 
TORONTO, Ontario 
M4V 1K6 
(416) 323-4952 Work 
(416) 965-9807 Fax 

Mr. Craig Greenwood ' 
Sault Ste. Marie District Office 
Ministry of Natural Resources 
875 Queen Street East 
SAULT STE. MARIE, Ontario 
P6A 5L5 
(705) 949-1235 Work 
(705) 949-0014 Fax 

Mr. Jerry LaHaye 
Sault Ste. Marie District Office 
Ministry of the Environment 
445 Albert Street East 
SAULT STE. MARIE, Ontario 
P6A 219 
(705) 949-4640 Work 
(705) 949-4642 Fax 
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Ms. Diana Klemans 
Surface Water Quality Division 
Michigan Department of Natural Resources 
Knapp's Center 
2nd Floor, 300 South Washington Street 
P.O. Box 30028 
LANSING, Michigan 48909 
(517) 373-2758 Work 
(517) 373-9958 Fax 

Mr. Bob Day 
Michigan Department of Natural Resources 
Knapp's Center 
2nd Floor, 300 South Washington Street 
P.O. Box 30028 
LANSING, Michigan 48909 
(517) 335-3314 Work 
(517) 373-9958 Fax 

Ms. Maureen Looby 
Ministry of the Environment 
DetroitlSt. ClairISt. M q  Rivers Project 
Eastland Plaza 
24% Indian Road South, Room 203 
SARNIA, Ontario 
N7-r 3W4 
(519) 383-1300 Work 
(519) 383-1478 Fax 

Mr. ~ i k e  Santay 
St. Marys River RAP Project 
Ministry of the Environment 
Eastland Plaza 
24% Indian Road South, Room 203 
SARNIA, Ontario 
N7-r 3W4 
(519) 383-1300 Work 
(519) 383-1478 Fax 

Mr. Jerry Weise 
Fisheries and Habitat Management 
Department of Fisheries and Oceans 
Ship Canal Post Office 
SAULT STE. MARIE, Ontario 
P6A 1PO 
(705) 949-1 102 Work 
(705) 949-2739 Fax 
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Mr. Dave Pfeifer 
US. EPA, Region V 
230 South Dearborn Street 
CHICAGO, Illinois 60604 
(312) 886-01 34 Work 
(312) 353-2018 Fax 

Dr. John R.M. Kelso 
Great Lakes Laboratory for Fisheries and Aquatic Science 
Department of Fisheries and Oceans 
Ship Canal Post Office 
SAULT !TIE. MARIE, Ontario 
P6A 1PO 
(705) 942-2848 Work 
(705) 949-2739 Fax 

Mr. John Campbell 
Tri-County Environmental Forum 
524 Ashum 
P.O. Box 520 
SAULT STE. MARIE, Michigan 49783 
(906) 635-1 581 Work 
(906) 632-4255 Fax 

Ms. Marilyn Burton 
1004 Bingharn Avenue 
SAULT STE. MARIE, Michigan 49783 
(906) 635-5594 Work 
(906) 635-0405 Fax 

Mr. Donald Marles 
Sault Naturalists 
69 Broadview Drive 
SAULT STE. MARIE, Ontario 
P6C 524 
(705) 949-%I - Ext. 2.208 Work 
(705) 759-5700 Fax 

Mr. Martin McPherson 
256 Brown Street 
SAULT STE. MARIE, Ontario 
P6A IN9 
(705) 256-7579 
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Mr. Tom Coape-Arnold 
Great Lakes Section 
Water Resources Branch 
Ministry of the Environment 
6th Floor 
1 St. Clair Avenue West 
TORONTO, Ontario 
M4V 1K6 
(416) 323-4943 Work 
(416) %5-9807 Fax 

Mr. Danny Epstein 
Environment Canada 
6th Floor 
25 St. Clair Avenue East 
TORONTO, Ontario 
M4T 1M2 
(416) 973-1087 Work 
(416) 973-8342 Fax 

Ms. Louise Knox 
Environment Canada 
6th Floor 
25 St. Clair Avenue East 
TORONTO, Ontario 
M4T 1M2 
(416) 973-9736 Work 
(416) 973-8342 Fax 

Mr. Art Roy 
Sudbury District Office 
Ministry of the Environment 
l lth Floor, 199 Larch Street 
SUDBURY, Ontario 
P3E 5P9 
(705) 674-4501 Work 
(705) 675-51 16 Fax 

EXECUTIVE ASSISTIANT 

Mr. Bob Collins 
1719 Trunk Road 
SAULT STE. MARIE, Ontario 
P6A 5K9 
(705) 759-6191 Work 
(705) 945-9678 Fax 
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Appendix 3.2 St. Marys River Remedial Action Plan ~eference Centres 

Local libraries have agreed to serve as reference centres for the St. Marys River Remedial Action Plan. 
Throughout the RAP process, copies of reports and other material will be placed for reference use at the 
following locations: 

ONTARIO 

Algoma University Library 
1520 Queen Street East 
SAULT STE. MARIE, Ontario 
P6A 2G3 

City Library - Main Branch 
50 East Street 
SAULT STE. MARIE, Ontario 
P6A 3C3 

Environment Ontario 
445 Albert Street 
SAULT STE. MARIE, Ontario 
P6A 219 

Sault College 
443 Northern Avenue 
SAULT STE. MARIE, Ontario 
P6A R 3  

Lake Superior State University Library 
1000 College Drive 
SAULT STE. MARIE, Michigan 49783 

BayIiss Public Library 
541 Library Drive 
SAULT STE. MARIE, Michigan 49783 



SLMARYS RIVER 
REMEDlAL ACTION PLAN 

Community plan for river cleanup underway 
Dear Reader: 

The St. Marys River is an important fish spawning 
area, a tourist recreation attraction, and it pro- 
vides drinking and industrial process water. How- 
ever, the water is polluted as a result of the many 
uses it has been put to and has been identified as 
one of 42 areas of concern in the Great Lakes 
Basin requiring the preparation of a Remedial 
Action Plan (RAP). 

Being a shared waterway between Michigan 
and Ontario, a cooperative effort has been 
initiated. Development of one international plan 
by the RAP team is anticipated to take two years. 

This team is composed of scientists from Envi- 
ronment Ontario. Environment Canada, the 
Ministry of Natural Resources, and the Michigan 
Department of Natural Resources. This team will 
compile the environmental data base. coordi- 
nate the unity of the plan, and ensure public 
involvement in the planning process. 

Through an effective public involvement 
program, local communities will be involved in 
setting goals, program development, implemen- 
tation and evaluation. 

By acknowledging our joint responsibility today. 
res~dents and visitors can enjoy the benefits 
offered by improved water quality in the future. 
Please join the effort! 

Yours truly. 
St. Marys River RAP Coordinating Team 

T Y  

1 Wayne C. Wager 
Canadian Coordinator 

Diana Klemans 
U.S. Coordinator 

Remedial Action Plan 
Plan d'Assainissement 

+- 
Canads @Ontario DNR I 

Wayne Wager addresses on enthusiastic group of BPAC 
members ond an unexpected number of interested 
observers 

BPAC has first 
meeting 
To write a plan which reflects the concerns of the 
public. a citizens' group made up of people from 
Canada and the United States, called the Bina- 
tional Public Advisory Council (BPAC), has been 
established. 

The BPAC will comment to and advise the RAP 
Team on key aspects of the remedial action plan 
preparation and implementation. This includes 
the goals of the plan. problems to be addressed. 
and plan implementation The goal is to arrive at 
a plan for which there is a concensus. 

Thirty-seven members and twelve alternates 
have agreed to serve on the BPAC. There were 
opproximately 50 nominat~ons. 

At its first meeting on November 3rd, the BPAC 
adopted its charge and developed meeting 
procedures.' There was good discussion among 
the BPAC membership about the planning 
process, and their role in developing the St. Marys 
River RAP. 

Members of the RAP Team were in attendance 
and there were many O b ~ e ~ e r ~ ,  including re- 
porters from the locol med~a. 

The next BPAC meeting will be January 12, 
1989 from 7:OO-9:00 pm at the Walker Cisler 
Center. Lake Superior State University in Sault Ste. 
Marie, Michigan. 



Guest Forum 
By Fraser Craig, Environmental Control Supervisor, 
Algoma Steel Corporation 

(The following IS a portion of a statement 
presented at the public information sessions held 
on Februory 10. 1988.) 

Algoma Steel is a major stakeholder on the St 
Marys River through the company's steelworks on 
the Canadian side of the rlver and through 
property owned on the Michlgan slde. I would 
like to make it very clear that Algoma will cooper- 
ate with the RAP Team in its efforts to maintain 
and improve the water quality of the St. Marys 
Rrver 

Algomo has had a Control Order for many 
years which has resulted in the reduction of 
conventional pollutants to their current levels. 
Cyanide in the termlnal basin effluent. for ex- 
ample, is 97% lower than levels in the mid 1970's. 
Ammonia is 80% lower over the same time period 

The Ministry's tight etfluent standards require 
additional equipment which will further Improve 
the quality of Algoma's water drscharges. These 
rmprovements will toke place between 1988 and 
1990 at a cost to Algoma In excess of $25 millron. 
Also, cs new production units hove been added 
to the Corporalron these tacillties come equlpped 
wlth the latest technology available for air and 
water waste treatment 

Algoma is or, actlve participant rn the Municl- 
pal lndustrlal Strategy for Abatement (MISA) 
program through th8 Canadran Stee! Environ- 
mental Association. MISA is on MOE rnitiative to 
el~minote persistent organics from water dis- 
charges in the province 

The Mlnistry plans to complete a study on the 
Algoma slog site to determine if there are environ- 
mental problems Thls study will take place over 
the next 18 to 2.4 months. and Algoma will coop- 
erate with the Ministry and its consultant. Algoma 
sees the most immediate answer as the recycling 
of waste material as it 1s produced. We are, in 
fact, disposing of two different commodities by 
recycling at present. In other areas we are 
actively pursuing technology that will allow us to 
reuse these wastes as a product or produce a 
saleable by-product. 

We should not forget that the St. Marys River is 
not a "dead" rlver, but rather a vital and healthy 
resource. It is a source of fish, o focal point for 
tourists and provides fresh water for the general 
population and for industry. We at Algoma would 
like to assist in keeping i: that way. 

The steel industry In general, and Algoma in 
particular, is faced with the realty of shrinking 
markets and keen competition from offshore 
producers, however. at the same time Algoma 
recognizes the problems and accepts the envi- 
ronmental challenges of the 1980's. As a respon- 
sible corporate citizen Algoma will work towards 
practical and acceptable solutions for all srdes. 

By Congressman Davis, State of Michigan 

(This IS a portion of the statement presented by 
Bill Huber on behalf of Congressman Davls at the 
February 10. 1988 public information sesslons 1 

The St. Marys River deserves our special atten- 
tion, as it has been identified as one of the 02 
most polluted areas in the Great Lakes by the 
lnternatronal Jolnt Commission In addition, 
because the St. Marys River serves as a narrow 
stream of international woter, both U S, and 
Canadian lows and our goodwill will be tested to 
see if we can meet the str~ngent goals of the 
Great Lakes Water Quality Agreement. 

Last December, I sent representatives to v~sit 
the Sault Ste. Marie area, to hear the concerns of 
those who live along the Rrver, who draw their 
drlnkrng woter from the River, and who fish the 
rapids. They learned that the people were 
concerned about current industrial waste disposal 
practices. dredging in the water. and the effects 
th~s has on humans, flsh and wildlife in the area. 

We realize that a solution to cleaning up these 
polluted waters and sediments linlng the River 
bottom will toke some time otter all, it took years 
for the River to become polluted Howpver, I: IS 

~mportant that we look to the future and ensure 
that water qualrty of the Rrver will Improve 

To this end, I am encouraged that the Govern- 
ment of Ontarlo has recently approved funds for 
an extensive monitoring program along the 
Algomo Steel site. In addi'ion, Algoma Steel has 
been altering its waste treatment practices to 
ensure that add~tional organlc chemicals do not 
accidentally leach Into the River I have pledged 
-to make sure that the U S upholds its role in 
rehabilitating the River and will seek funding, and 
new legislation if necessari. to achieve the goals 
developed in this Remedral Action Plan. 

The Ministry of Environment and the Michlgan 
Department of Natural Resources should be 
applauded for initiating a Public Involvement 
Program so early In the planning process. No one 
knows better what types cf problems the River IS 

experiencing and what the goals of the RAP 
should be than those who see and use the St. 
Marys River every day. The Remedial Actron Plan 
resulting from this planning process IS really the 
only mechanism by which both the United Slates 
and Canada can ensure that the waters of the St. 
Marys River will be improved and maintained 

Do you have an opinion on issues related to the St. 
Marys River RAP? 

Share your concerns in the next newsletter by 
writing to the RAP Team. Your letter may be port 
of our regulor opinion column. Share your 
thoughts about plonnlng for the St. Marys River 
with other interested people. 
Address your letters to the: St. Marys Rwer RAP 

Environment Ontario 
265 Front Street North 
Suite 109 
Sornio. Ontario N7T 7x1 - 
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Vofile: Slag? 
400 hectare (1000 acre) slag site owned by the 
lgoma Steel Corporation is a source of concern 
)r many residents along the St. Marys River. The 
.e was partially created by infilling portions of the 
~er .  Up until 1978. Algoma dyked off a portion of 
water lot to be used as a slag disposal site. 
nce 1978 further expansion into the river for slag 
isposal has not been approved. 
Many people have asked, "What is slag? Can 

e use it to build a playground? What does it do 
) the river?" 
In general terms. slag is the unwanted molten 

)ck res~due remaining after the useful iron is 

MICHIGAN 
r 

?moved from the ore. The impurities in the slag 
re mostly metals, and oxides of metals, inorganic 
ompounds formed in the complex reactions 
lhich occur in the thermal reduct~on process of 
eel making. Few organic chemicals could 
~rvive the high process tempe!a:ures of over 
500 C (2800 F), w~thout converting to the~r 
lemental form, mostly carbon. hydrogen, and 
xygen. 

TPe Inorganic components of slag may include 
arbonates of calc~um anc! magnesium, calclum 
xide, sillcon dioxide, sulf~de. aiumin~um. 
x~ganese, magnesium and iron depending 
pon their presence In the Iron ore The element 
lhich causes the greatest impact on the aquatic 
nvironment is also the largest component of 
ag, calclum carbonate (or limestone). When 
 laced in water, the slag may cause a sign~ficant 
se in pH and buffermg capacity 

Slag produced by removlng the impurities of 
i e  ore IS called blast furnace (Bi )  slag. The iron is 
?en refined mto steel wh~ch produces steel slag. 
0th BF and steel slags are used as aggregate 
?aterial for roads, drrveways and parking areas In 
>e Sault area. The use of slag as fill and construc- 
on material, and the presence of the slag 
l~sposol site raise two important questions: 

Will the chemical compounds of the slag leach 
)to the St. Marys Rlver? If so, will this result In 
armful or toxic effects? 

Studies have found that leachate, dissolved 

. 
material which percolates +hrough so~ls, occurs In 
direct proportion to the amaunt of surface area 
exposed to water Steel slog protects itself from 
leaching once a calcium carbonate layer forms 
on its surface. After a short period of time BF slag 
will cease leaching, but a calcium carbonate 
layer does not form. 

Concerns expressed about the slag site are 
motivated not only by concerns for leachates 
from the slag, but also from other waste disposed 
at the site. 

An investigation of the conductivity of the St. 
Mays River sediments adjacent to the Algoma 
slag site was undertaken by Environment Ontario. 
Contaminated groundwater generally has a 
higher electrical conductance than uncontami- 
nated groundwater. Thus, measurement of 
electrical conductance is useful in determining 
potential zones of groundwater contamination. 
Thls study has shown six areas where contami- 
nated shallow groundwater at the shoreline of the 
site may be d~scharglng Into the St Marys River 
Four of these SIX sites correspond wlth the locat~on 
of elevated heavy metals. 011 and grease PCBs 
and PAHs have been detected In sediments or 
blot0 

Further s:udies have bee? ntlated One such 
study, recently comm~ss~oned by Environment 
Or,tarlo IS a hydrogeolog~cal and surface runoff 
lnvestigat~on of the slag slte over the next two 
years The purpose of the study IS to determine if 
contaminants are leach~ng or runnlng off the site 
and affecting the river 

Findings of the investigations on 
and near the Algoma Steel slag 
site include: 

a PAHs were found In the surface water 
of the St. Marys River, the Algoma boat slip, 
and East Davignon Creek Gate No. 4. 

Surface drainage at the slag site 
seems minimal. 

Groundwater appears to be flowing 
from the Algoma slag site towards the St. 
Marys River, thus the potential for the dis- 
charge of contaminants to the river seems 
to be high. Goundwater may also be 
movlng locally from the slag site towards 
the Steelton and Goulais water supply 
wells. At this time, it is not possible to 
confirm whether or not this water could 
impact wells. 

PAHs and cyanide were found in the 
overburden and bedrock in the area of 
the slag site. 

Tar-like materials were found in the 
bottom of Spring and Bennett Creeks. 



RAP highlights 
1988 I 

I 

February 1 0th I 
Close to 200 citizens attended the afternoon and 
evening public information sessions held in Sault 
Ste. Marie, Ontario and Michigan. Many ques- 
tions focusing on the health of the river were 
asked. At these meetings, the formation of the 
B~national Public Advisory Council (BPAC) was i 
proposed. 

March and April 
The RAP Coordinators attended local trade 

and sports shows to answer the public's questions 
about the RAP and to encourage thelr involve- 
ment. Close to 200 people expressed interest 
over two different weekends. 

June 16th 
Approximately 80 people attended a public 

meeting in Sault Ste Marie, Ontario. Fish advlso- 
ries and point sources were discussed. As well, a 
call for nominations to the citizens' group called 
the BPAC was made. Fifty nom~nations for 37 
seats were received over the summer. 

November 3rd 
The first BPAC meetlng was held In Sault Ste 

Marie, Ontario The next BPAC meetlng w~ll be 
January 12, 1989 

The next public meeting is 
scheduled for the Spring, 1989. 

To Contact the 
St. Marys River 
RAP Team: 
In Ontario write: 
Wayne C. Wager 
Coordinator 
Environment Ontorio 
265 Front Street North 
Suite 109 
Sarnia, Ontario 
N7T 7x1 

In Michigan write: 
Diana Klemans 
Coordinator 
Michigan Department 
of Natural Resources 
Surface Water Qualify 
Division 
P.O. Box 30028 
Lansing. MI 48909 

Reference Centres have been established in local 
libraries in which we will be placing various reports for 
your convenience: 
Ontario: Michigan: 
Algoma University Library Sault College Lake Superior State University 
1520 Queen Street E. 443 Northern Avenue 1000 College Drive 
Sautt Ste. Marie, Ontario Sault Ste. Marie, Ontario Sault Ste. Marie, MI 

City Library - Main Branch Environment Ontario Bayliss Public Library 
50 East Street 445 Albert Street 54 1 Library Drive 
Sault Ste. Marie, Ontario Sault Ste. Marie, Ontario Sault Ste. Marie, MI 
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Appendix 3.3 St. Marys River Binational Public Advisory Council (BPAC) Meeting 
Dates and Locations 

Date 

Canada 

November 3, 1988 
February 22, 1989 
May 2, 1989 
July 6, 1989 
September 12, 1989 
September 28, 1989 
November 28, 1989 
January 11,1990 
February 28, 1990 
May 2, 1990 
July 11, 1990 
August 21,1990 
September 19, 1990 
November 14, 1990 
January 10.1991 
March 14,1991 
May 22,1991 

United States 

January 12, 1989 
April 3, 1989 
June 8, 1989 
August 14, 1989 
October 28, 1989 
January 30,1990 
March 27, 1990 
June 7, 1990 
August 14,1990 
October 18, 1990 
December 11, 1990 
February 13, 1991 
April 23,1991 

Place 

Holiday Inn 
Holiday Inn 
Holiday Inn 
Holiday Inn 
Ramada Inn 
Ramada Inn 
Holiday Inn 
Holiday Inn 
Garden River First Nation Fire Hall 
Holiday Inn 
Holiday Inn 
Marconi Hall 
Holiday Inn 
Holiday Inn 
Holiday Inn 
Holiday Inn 
Holiday Inn 

Lake Superior State University 
(LSSU) 
LSSU 
Ramada Inn 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
LSSU 
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Appendix 3.4 St. Marys River Binational Public Advisory Council (BPAC), May 31 , 
1991 : Members (M) and Alternates (A) 

ACADEMIA 

Ms. Vera Hobbs (A) 
174 McGregor Avenue 
SAULT m. MARIE, Ontario 
P6A 3W9 
(705) 759-4974 

MICHIGAN 

NR (No Representative) 

FISHERIES 

MICHIGAN 

Mr. Teny Morse (M) 
U.S. Fish and Wddlife Service 
446 East Crescent 
MARQUETTE, Michigan 49855 
(906) 226-6571 

NATIW PEOPLES 

MICHIGAN 

Mr. Bob Nygaard (M) 
Sault Ste. Marie Tribe of Chippewa Indians 
206 Greenough Street 
SAULT STE. MARIE, Michigan 49783 
(906) 635-6534 

Ms. Carla Ebener (M) 
320 West Spruce Street 
SAULT STE. MARIE, Michigan 49783 



Appendix 3.4 (Cont'd) 

Mr. Isaac McKechnie (A) 
Sault Ste. Marie Tribe of Chippewa Indians 
2210 E., 9th Avenue 
SAULT STE. MARIE, Michigan 49783 
(906) 635-6050 

Mr. W o k  Kalia (M) 
St. Marys Paper Inc. 
75 Huron Street 
SAULT STE. MARIE, Ontario 
P6A 5P4 
(705) 942-6070 

Ms. Catherine Fraser (A) 
St. M a y s  Paper Inc. 
75 Huron Street 
SAULT STE. MARIE, Ontario 
P6A 5P4 
(705) 942-6070 

Mr. A Louis Quinlin (M) 
AB. McLean Ltd. 
1000 AB. McLean Drive 
SAULT STE. MARIE, Ontario 
P6A 6N2 
(705) 942-9100 

Mr. A Dave Stewart (M) 
Algoma Steel Corporation 
Queen Street West 
SAULT !XE. MARIE, Ontario 
P6A 5P2 
(705) 945-2371 

Captain F. Manzzutti (M) 
Manzmtti Marine Agency and Services 
18% Queen Street East 
SAULT STE. MARIE, Ontario 
P6A 2H1 
(705) 256-5329 

Mr. Fraser Craig (A) 
Algoma Steel Corporation 
Queen Street West 
SAULT STE. MARIE, Ontario 
P6A 5P2 
(705) 945-2437 
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Mr. John McLean (A) 
AB. McLean Ltd. 
1000 A.B. McLean Drive 
SAULT SE. MARIE, Ontario 
P6A 6N2 
(705) 942-9100 

Mr. Daw Gooderham (A) 
Algoma Steel Corporation 
Queen Street West 
SAULT SE, MARIE, Ontario 
P6A SP2 
(705) 945-2480 

MICHIGAN 

LABOUR 

ONTARIO 

Mr. Walter Sarich 
Local 1425 Carpenters and Joiners 
354 ,Albert Street West 
SAULT STE. MARIE, Ontario 
P6A 17B 
(705) 256-5393 

MICHIGAN 

pECREATION/TOI JRISM 
ONTARIO 

Mr. Gordon Smedley (M) 
Algoma Sailing Club 
505 MacDonald Avenue 
SAULT !S'I'E. MARIE, Ontario 
P6A 1H8 
(705) 942-9494 , 

MICHIGAN 

Mr. John Campbell (M) 
Tri-County Environmental Fonun 
524 M u m  
P.O. Box 520 
SAULT STE. MARIE, Michigan 49783 
(906) 635-1581 
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Mr. Martin McPherson (M) 
St. Maqs River Water Quality Task Force 
256 Brown Street 
SAULT !jTE. MARIE, Ontario 
P6A 1N9 
(705) 256-7579 

Mr. Donald Marles (M) 
Sault Naturalists 
69 Broadview Drive 
SAULT STlE. MARIE, Ontario 
P6C 524 
(705) 254-6344 

Ms. Karen Bishop (A) 
St. Ma* River Water Quality Task Force 
74 Thorneloe Crexent 
SAULT m. MARIE, Ontario 
P6A 4J3 
(705) 949-4286 

P 

Ms. Gladys Wallwork (A) 
Sault Naturalists 
506 Townline 
SAULT STE. MARIE, Ontario 
P6A 6K4 
(705) 779-3098 

Mr. Hany Graham (M) 
Soo Rapids Society 
1184 Queen Street East 
SAULT !XE. MARIE, Ontario 
P6A 2E6 
(705) 256-7217 
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MICHIGAN 

Mr. Jar1 Hiltunen 
Sugar Island, Box 335 
SAULT !XE. MARIE, Michigan 49783 
(906) 632-7067 

Ms. Judith Pratt (M) 
Environmental Biologist 
Great Lakes Indian Fish and Wddlife Commission 
P.O. Box 9 
ODANAH, Wisconsin 54861 
(71 5) 682-661 9 

Mr. Steve Gipp (M) 
P.O. Box 497 
SAULT !TE. MARIE, Michigan 49783 
(906) 632-7574 

CITIZENS 

ONTARIO 

Mr. Tom Dodds (M) 
1174 Queen Street East 
SAULT STE. MARIE, Ontario 
P6A 2E4 
(705) 942-8630 

Ms. Marilyn Burton (M) 
1004 Bingham Avenue 
SAULT !TE. MARIE, Michigan 49783 
(906) 635-5594 

Mr. W&am Cryderman (M) 
Route 1, Box 48 
DAFTER, Michigan 49724 
(906) 632-9534 

Ms. Debbie Schwall (M) 
21 12 West 3rd Avenue 
SAULT STE. MARIE, Michigan 49783 
(906) 632-3129 

Mr. Tom Pink (A) 
1400 Kimball 
SAULT STE. MARIE, Michigan 49783 
(906) 632-2421 
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Mr. Jim Elliott (M) 
Environmental Engineer 
City of Sault Ste. Marie 
99 Foster Drive 
SAULT STE. MARIE, Ontario 
P6A 5N1 
(705) 759-5381 

Mr. Joe Cain (M) 
Manager 
Sport Fishing Development 
City of Sault Ste. Marie 
P.O. Box 580 
SAULT STE. MARIE, Ontario 
P6A 5N1 
(705) 759-5446 

Mr. John Bain (A) 
Planning Director 
99 Foster Drive 
SAULT SIE. MARIE, Ontario 
P6A 5N1 
(705) 759-5371 

MICHIGAN 

Mr. Marvin Bestman Jr. (M) 
Rural Route 1, Box 772 
RUDYARD, Michigan 49780 
(906) 478-5412 

Mr. Jim Atkin. (M) 
Operator 
Sault Ste. Marie WWrP 
C/O City Hall 
325 Court Street 
SAULT STE. MARIE, Michigan 49783 
(906) 632-8451 
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ONTARIO 

Mr. Roman Aikcns (M) 
Township of St. Joseph 
Rural Route 2 
RICHARDS LANDING, Ontario 
POR 1JO 
(705) 246-2369 

Mr. Tony Martin, MPP (M) 
C/O W. Kathleen Brosemer (A) 
172 Gore Street 
SAULT STE. MARIE, Ontario 
P6A 1M2 
(705) 949-6959 

Ms. Camille Levesque (A) 
Township of St. Joseph 
K-Lie 
Rural Route 2 
RICHARDS LANDING, Ontario 
POR 1JO 
(705) 246-2545 

Mr. Steve Butland, M.P. (M) 
C/O Genwelli 
293 Bay Street 
SAULT STE. MARIE, Ontario 
P6A 1x3 
(705) 949-6402 

Mr. William Huber (M) 
Representative Bob Davis' Office 
325 Court Street 
SAULT STE. MARIE, Michigan 49783 
(906) 635-5261 

Ms. Verna Lawrence (M) 
1006 Easterday Avenue 
SAULT STE. MARIE, Michigan 49783 
(906) 632-3293 

Mr. David Freeborn (A) 
P.O. Box 402 
SAULT STE. MARIE, Michigan 49783 
(906) 632-1 161 or 
(906) 632-3731 
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Mr. George McManus, Senator (M) 
220 Farnum Boulevard 
LANSING, Michigan 48913 

Mr. Bill Thorne (A) 
217 Blue Water Drive 
SAULT STE. MARIE, Michigan 49783 

Dr. Felix Li (M) 
Medical Officer of Health 
Algoma Health Unit 
99 Foster Drive 
SAULT !TIE. MARIE, Ontario 
P6A 5x6 
(705) 759-5287 

Mr. Wes Terry (A) 
Algoma Health Unit 
99 Foster Drive 
SAULT STE. MARIE, Ontario 
P6A 5X6 

a (705) 759-5287 

Mr. Bill O'Donnell (A) 
Algoma Health Unit 
99 Foster Drive 
SAULT STE. MARIE, Ontario 
P6A 5X6 
(705) 759-5287 

Ms. Kara Flanigan (A) 
Algoma Health Unit 
99 Foster Drive 
SAULT STE. MARIE, Ontario 
P6A 5x6 
(705) 759-5287 

MICHIGAN 
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Appendix 4.1 Legislation Cited in Chapter 4 

Ontario Water Resources Act 
Ontario Environmental Protection Act 
Pesticides Act, 1980 
Environmental Assessment Act 
Dangerous Goods Transportation Act 
Drainage Act Public Lands Act 
Fisheries Act Dangerous Goods Act 
Planning Act 

Food and Drug Act 
Canadian Constitution Act of 1867 
Fisheries Act 
Canada Water Act 
Canadian Environmental Protection Act 
Canada Shipping Act 
Transport of Dangerous Goods Act 
Pest Control Products Act 
Canadian Clean Air Act 
Environmental Contaminants Act (repealed) 

Michigan Water Resources Commission Act, 1929 PA 245, as amended 
Part 4 - Water Quality Standards 
Part 5 - Spillage of Oil and Polluting Materials 

Soil Erosion and Sedimentation Control Act, 1972 PA 347 
Oil and Gas Act, PA 61 
Solid Waste Management Act, 1978 PA 641 
Michigan Environmental Response Act, 1982 PA 307 
Hazardous Waste Management Act, 1979 PA 64, as amended 
Michigan Pesticide Control Act, 1976 PA 171 
Michigan Air Pollution Act, 1%5 PA 348 
Michigan Safe Drinking Water Act, 1976 PA 399 
Goemaere - Anderson Wetland Protection Act, 1979 PA 203 
Inland Lakes and Streams Act, 1972 PA 346 
treat Lakes Submerged Lands Act, 1955 PA 247 
Michigan Environmental Protection Act, 1970 PA 127 
Shoreline Protection and Management Act, 1970 PA 245 
Natural Rivers Act, 1970 PA 231 
Subdivision Control Act, 1%8 PA 288 
Administrative Procedures Act, 1969 PA 306 
Toxic Substances Control Act, 1978 PA 116 
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Federal Water Pollution Control Act, 1972 PL 92-500, as amended (Clean Water Act) 
Comprehensive Environmental Response, Compensation and Liability Act, 1980 PL 96-510 

(CERLCA) 
Solid Waste Disposal Act 
Emergency Planning and Community Right-to-Know Act, 1986 
Toxic Substances Control Act 
Non-Indigenous Aquatic Nuisance Act - Proposed Senate Bill 
Aquatic Nuisance Prevention and Control Act - Proposed House Bill 
Resource Conservation and Recovery Act, PL 94-586 (RCRA) 
Federal Insecticide, Fungicide and Rodenticide Act Clean Air Act, 1%3 PL 88-206, as amended 
Safe Drinking Water Act, PL 99-339 

Great Lakes Water Quality Agreement, 1978, as amended 
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Appendix 4.2 Desirable ambient air quality criteria established by the Ontario Ministry 
of the Environment 

Parameter 

Carbon monoxide 

Fluoridation rate 

Hydrogen Sulphide 

Mercaptans 

Nitric oxide 

Nitrogen dioxide 

Oxides of nitro en I-. 

Suspended particulates I- 
sus ended articulates 11"4": 
Lead in suspended 
particulates 

Nickel in suspended 11 pKdculates 

sus ended articulates = 

Desirable Ambient Air Quality Criteria 

30 pprn averaged for 1 hour 
13 ppm averaged for 8 hours 

40 cg of fluorides1 100 a2 of lined 
filter pa er in 30 days during April 15 
to ~ c t o g e r  15 

80 y of fluorides/lOO an2 of lined 
filter paper in 30 days during October 
16 to April 14 

None 

0.02 pprn averaged for 1 hour 

0.01 pprn averaged for 1 hour 

Nnne 

0.02 pprn averaged for 1 hour 

0.10 pprn averaged for 24 hours 
-- - - -  

None 

0.08 pprn averaged for 1 hour 

0.25 pprn averaged for 1 hour 

0.10 pprn averaged for 1 day (24 hours) 

0.02 pprn average for 1 year 

120 &/m3 averaged for 24 hours 

A geometric mean of 60 lm3 during 
1 year 

2.0 lm3 averaged for 24 hours 

5 y lm3 averaged for 24 hours 

A geometric mean of 2 @lm3 over a 
30 day period 

2.0 &/m3 averaged for 24 hours 

2.0 @lm3 averaged for 24 hours 

Prime Reasons for Establishing 
Criteria or Monitorinq Parameter 

Protection of human health 
Protection of human health 

Protection of vegetation 

Protection of vepetation (less 
restrictive cirtenon during the non- 
growing season) 

Effects of hydrocarbons widely 
depending on their c h e m y -  
physical nature 

Protection aainst offensive odours 

Protection uainst offensive odours 

Reacts with o m e n  to produce NO, 

Protection of human health and 
protection against odours 

Protection of human health and 
protection against odours 

Protection of vegetation, adverse 
health effects 

Protection of vegetation 

Protection of human health 

Protection of vegetation 

Based on health effects in 
conjmction with elevated levels of 
SO2 and impairment of visibility 

Based on public awareness of visible 
pollution 

Protection of human health 

Protection of human health 

Protection of human health 

Protection of vegetation 

Protection of human health 
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Ontario Drinking Water Quality Objectives (ODWO) 



Appendix 4.3 Ontario Provincial Drinking Water Quality Objectives (oDwo)(') 

Mardnnun Maximum Interim Maimum 
Acceptable Desirable Acceptable 

Coxxcntration Concentration Concentration 

Ammonia, mglL 

Barium, mglL 1.0 

Boron, mglL 5.0 

Chloride, mglL 

Chlorine, mglL 

Color. TCU 
Copper, mglL 
Cyanide, free (mglL) 
Dild Gases 

Dilwd Oxygen, mg1L 
Fluoride, mglL 
Hyhgen Sulfide, mglL 

Heavy Metals, NIL 
Arsenic 

Beryllium 
Cadmium 

Bacteria (per 100ml) 
Standard Plate Count 
Total Coliform 5 
Fecal Coliform 
Fecal Streptofd 0 

Pseudomow aeruginosa 0 



Appendix 4.3. cont'd 

M a ~ h u m  Maaimum lnterim Maximum 
Acceptable Desirable Acceptable 

Concentration Concentration Concentration 

Industrial Organics, mglL 
Dibutyiphthalate 
Dieth$erlphthalate 
Other Phthalates 
Mirex 
Polychorinated Biphenyls 
Pol@rominatcd Biphcnyk 

NTA, mglL 
Odour 
Oil & Grease 
Organic ~ t m ~ e n , m g l L ~ )  

pH 
Phenols, uglL 
Phospborus(total).mgIL 

Radionudides. BqlL 
cesium 137 
Iodine 131 
Radium 226 
Strontium 90 
Tritium 

Sulphatc, mglL 
Tastc . 

Temperature. *C 

Total D i l  d Solids, mglL 
Total Organic Carbon, mglL 
Turbidity 

Pesticides, NIL@) 

Aldrin + /Dieldrin 

c m  
Chlordane 



Appendix 4.3. mnt'd 

M* Maximum Interim M a x h u n  
paramterCL) Acceptable Desirable Acceptable 

Concentration Concentration Concentration 

Diuron 150 

Dalapon 

Endosulpban 

Endrin 

Fenthion (Baytex) 

Guthion 

Heptacblor B Heptacblor Epoxide 

Iindane 

Malathion 

Metbox)Ehlor 

Methg Parathion 

Parathion 

pyre- 
S i  

Toxiphene 

DDT & Metabolites 

24-D (BEE) 

24.5-TP 

Dibenzofuransldio~ (pglL) 

(1) From Ontario Drinking Water Objectives, 1983 (ISBN. 0-7729 - 2725-1) 
(2) Unless otherwise state the limits for each substance refer to the sum of all forms present. 
(3) Where both nitrate and nitrite are present, the total nitrate plus nitrite-nitrogen should not exceed 

10 mg/L. 
(4) The term "trihalomethanes" comprises chloroform, bromodichlaromethane, chlorodibromomethane 

and bromoform, and their concentration as determined by the gas sparge or purge equivalent 
method (i.e. actual concentration) should not exceed 0.35 mg/L at any time. 

(5) Total kjeldahl nitrogen minus ammonia nitrogen. 
(6) When more than one of these pesticides is present, the "total pesticides" shall not exceed the sum of 

their Maximum Acceptable Concentrations or Oil mg/L whichever is less. 



Appendix 4.4 

Summary of Maximum Contaminant Levels/Goals and Monitoring Requirements 
For Community Water Systems In Michigan 



Appendix 4 . 4  

SUMMARY OF 
MAXIMUM CON'TAMINAN'T LEVELS /GOALS AND MONITORWG REQUIREMENTS 

FOR COMMUNITY WATER SYSTEMS 1N MICHIGAN 

plus 
K d i m . 2 2 1  

Dicwib4on system campling b d m  
Smpks  am tcmrnal as follows: 
I. Tcu lor Gmsc Alpha 
Z U GRU Alph. c & d s  5 pCin t w  lor &-226 
3. U Rdb-224 c r u d s  3 pCbl m u  la Ra-221 

Gloss &u 
and 
Phoron 
U u l i r y d i v c ~ y  

4 rnilliruntyr loul lu)l or Monituring i c  q u i d  by nufuc was svlpliu acning @?eater hm Dl~dm&om vna, elmpiing b i a n  
m y  h&emal a8.n. . I M,UX) persons and m y  0 t h  mpplics drrignved by W S I M ~  S c u d ~ g  h d :  

Analyeis of a canpolite d 4 cmrctuivr q u u l d y  Om8 Bru Aairny 15 pCiA 
or m~talysia of 4 q u a ~ r l y  tunplc~ Ir Rgrlrrd Tririra 
I'rcquency : Evcq 4 yean. 

m p m o  
SlmUilnW 8pCiA 



Appendix 4.4 (Cont ' d) 

SUMMARY O F  
MAXIMUM CONTAMINANT LEVELS /COALS AND MONITORING REQUIREMENTS 

FOR COMMUNITY WATER SYSTEMS IN MICHIGAN 

( Conhrninant MCL MCLG Monitoring R q u u c m c ~ l  

Brriun l a d  baud cm wrta N& vubabi l i ry .  
O d m ~ u n  MlOmJl  A l l  ohcr metals - I urn* r*uy 9 p n  mks~ dulw 
01rom1un 4 rs vulncnbk by MW11. 
Lud Q M m d  
M a w  am mJl ~ Sclcnnmm a01 m d  
S1Ivcr 0.05 rnJl 

u p o h  Juy ~ o d i u r i h v n  
quan. md proldil ~lusl for larisd 

-w'- 

Sudrcc WYU only: I sun* every 9 y a n  
c l a p  for vubcrable ur(plks. 

Qllotoform T0C.l TllWr w h ~ h  u ~ h u  rhrir e r r  w n  4 r.mplrc ( U u k u ~ P d s ~ f - m q  
Chlotdibrumomrrtune 0. I 0  nJI per qunt r  lo I uraplc pr y e u  ( a u ~  locouiqn lodislribrbr sysmm) 
nrunalichlotomcrhrm purtmml) frequency. Moaimhg I- b u d  u 
llranolorm vulncrrbdi~y d raunx Mdkukn  locmuim . , 

roults. 

I llcnunc 0.005 rnd m u  > I0,UW) 12.3148 
Viny l  Ollonak 0.001mfl m u  1.3(11- 10.000 12-31-t9 
Ohon Tcurchlori& 0.0011mJI uro  < J,3(U 12-31-91 

Monirorint to be p c d o d  .r p o d  
of entry Luo #yuan (u indvibr l  well. r plant 
lap lmm r trumau @.nr or Ih. diuhule llom r 

I 1.2 D~chloruchum 0.W m d  uro punpin1 strlion or -on hub Imm r (roup of 
TI ~chlocor Qyluw 4 SBIII~~CI ( I  pcr quura). U n o  VOCs darPd in fir# smph for mlls). 



. . . .  I . . . . , , . . , .  . . . .  I . . , .  , . . I . ,  



Appendix 5.1 

International Lake Superior Board of Control Report On Lake Superior 
Regulation: Monthly Lake Superior Outflow 





Appendix 6.1 

PAH Concentrations Associated with the Aqueous Phase, Particulate Phase and 
Whole Water from the St. Marys River, 1985 and 1986 



Table 6APP.1 PAHs associated with the aqueous phase in the St. Marys River, 1985. (from 
UGLCCS 1988) (See Figure 6.6 for sample locations) . 

PAH (ng/L) 

Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a1anthracene 
Chrysene 
Benzo(b)fluoranthene 
Perylene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Coronene 

Total PAHs 

S t a t i o n  

NA = Sample not analyzed 
- - - Not detected 



Table 6APP.2 PAHs associated with centrifuged particulate matter in the St. Marys River, 1986. (from UGLCCS 1988). 
(See Figure 6.7 for sample locations). 

ND - Not detected 
TR - Trace 

T - Sanple taken 1.5 m belou surface 
B - Sanple taken 0.5 m o f f  bottom 



Table 6APP.3 Estimated concentrations oE PAHs associated with the aqueous phase in the St. Marys ~ i v e r ,  1986 (from 
UGLCCS 1988). (See Figure 6.7 for sample locations). 

I I  

1 Naphthalene 
Acenaphthylene 
Acenaphthene 
9 H Flwrene 
Phenanthrene 
Anthracene 
Flwranthene 
Pyrene 
Chrysene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(k) and 
Benzo(b)f lw ran thme  

1 Dibenzo(s,h)anthracene 
1 Benzo(g,h, i )perylene 
I Indeno(l,2,3-c,d)pyrm 

II Total PAHs I NA I NA I 26.57 

Station! 

ND - Not detected 
TR - Trace 
MA - Not appl icable as PAHs were not detected on the centr i fuged par t i cu la te  matter (Table 6APP.2) 

T - Sample taken 1.5 m belou surface 
B - Sanple taken 0.5 m o f f  bottom 



Table 6APP.4 Estimated concentrations of PAHs in whole water (aqueous plus particulate phases) of the St. Marys 
River, 1986 (from UGLCCS 1988). (See Figure 6.7 for sample locations). 

NO - Not detected 
TR - Trace 
NA - Not applicable as PAHs were not detected on the centrifuged part iculate matter (Table 6APP.2) 

T - Senple taken 1.5 m below surface 
B - Sample taken 0.5 m o f f  bottan 





Appendix 6.2 

Results From the U.S. EPAlFWS and OMOE 1985 Surficial Sediment Sampling 
Surveys from the St. Marys River (from Hesselberg and Hamdy 1987) 
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taure 3 u r ~ a n l c  c o n t a m i n a n t s  i n  s e d i m e n t  s a m p l e s  collected from the - 
S t .  Mary's R i v e r  d u r i n g  1985 b y  HOE. 

11 I !i I ANCE 
FAU1.I U.S. 
SHORE ( m )  --------- 

16UO 
z1;o 

GOO 
1 :, 

UhO 
h 0  

9 5 0  
2 0 0  
1 0 0  

6 0  
210  
370  
5 2 0  
bhO 
2  8 0  
3  5 0  
o20 
490  
9 6 0  

1300  
1060  
2'150 
2 5 0 0  

2 5 0  
9 0 0  

1 s o 0  
1740  
2300  

120 
11 30 
8 2 5  

1 ' 1  I 0  
2130  
4150  
56U0 
56UO 
2 ' 1 H 0  

350 
'100 

3110 

OISIAtICE 
r n o u  11.5. 
Sltolcf ( m )  - - - - - - - - - 

DL tLUII IN 

-------- 
16 .17  
10.UO 
16 .00  
1l8.00 
10 .ou 
15 .00  

12 .00  
13.50 
4>.00 
Sh.00 

2L .00  

'1.00 
4.00 

3.  0 0  
16 .00  

9 1 . 0 0  
5 2 . 0 0  
1 1 . 0 0  
2 0 . 0 0  
9 4 .  U J 
2b .00  

10'1.00 
17 .00  
87 .00  
3 0 . 0 0  
8.17 

D I E L D R I N  

-------- 

71.00 
15 .00  
59 .00  
15 .00  
3 2 . 0 0  

6 . U O  
37.40 

1 .00  
23.00 

1 . 0 0  

6 . 0 0  
7 .00  

'1.00 
1 . 0 0  

3.00 

3 9 .  0 0  
'1.00 

j 9 . 0 0  
17 .00  
1 1 . 0 0  

p . v-UUC 

- . . - - -  

Id. OU 
1 8 .  UU 

2 .  u 0  

1 .50  

2 . 0 0  
2 . 5 0  
h.OO 
2 . 0 0  

2 . 0 0  

1  .!no 
5 . 0 0  

p . p - u C l t  

- - - - - - -  

l .UU 

2 . 0 U  

L . 5 U  



- - . . - - - ,  C U I I L P l l l ~ ~ ~ a ~ ~ ~ ~  I n  sealrnent samples collected from the St. t lary 's  
River during 1985 by MOE 

g r c  N LJlS I  A I l C E  
FROM 11.:. 

:.IIIIII1: ( t n )  
- .  - - - - - - - - -  

11,1111 
11 2 I ;(I 
I 6UU 

1 5 
8 'I 0 

% I 110 
L 1 950 
.> 5 200 
5 3 100 
;4 c, 0 
3 ( I  2 10 
: I ,  1'10 
?'I 520 
;'I 6'10 
> U 2u0 
)n 350 
i 8 420 
;n 490 
36 s r, n 
'8 0 1300 
4 0 1060  
4 0 2450  
'10 . 4 5 0 0  
110 2 5 0  
1.1 1 900  
(1 2  1  500 
t l  5 1740 
!I (1 n o 0  
U 'j 1-2 0 
UL 8 3 0  
!1 7 825 
Utl 1'120 
1:') 2  130 
'J 0 4150 
'J 1 5680 
I: 2 5680 
* '  3 24uo 
'! (I 350 
,! !, 400 
*> 6 3110 

7 1L00 

C r U T  

------ 
11n.00 
43 .67  

1 ~ 1 0 . 0 0  
5 5 . 0 0  
9 1.00 
114. 0 0  
MS.00 
10 .00  
~1 .OO 
54.00 
U. 80 

JO. 0 0  
J 3 . 0 0  
3 6 . 0 0  
6 4  .OO 

9 .40  
10 .00  

3 .60  
9 . 2 0  
5 . 7 0  

12 .00  
7 .90  

11 .00  
3'1.00 
22 .00  
21 .00  
15.00 
2 6 . 0 0  
51 .50  
'16 .OO 
( ~ 1 . 0 0  
'10.00 
4 7 . 0 0  
24 . oo  
2 7 . 5 0  
119. 1 7  
5 1 . 0 0  
15 .00  
32 .oo 
(19 .00  
5 5 . 0 0  

Cul l  1 

- - - - - -  
J5.lJU 
37.UJ 

100 .00  
22 .00  

100 .00  
12.00 
41.00 

6 .60  
2 1. 0 0  
51.50 
11 . 0 0  
26.00 
46.50 
19 .00  
66 .00  
10 .00  

4.40 
3 .10  
9 .00  
6.30 

11.00 
5 .  GO 
6 .  LO 

23.00 
18.70 
14. J'J 
13 . C,(J 
1 0 .  OU 
OM. 0 0  
4 5 . 3 1  
6 9 . 0 0  
32 .00  
41 .00  
13.00 
21.50 
40 .67  
5 1 . 0 0  
12 . i l o  
> 0 . 0 0  
rrM.00 
58 .00  

n n u  I 

- - - - - - -  
IULI. UU 

1 0 7 3 .  > > 
210U.UU 

6 0 .  UU 
760.0U 

511. UU 
330.0U 
12u .00  

2400  .UO 
>LO. UO 

UU.00 
l?O.LJU 
Z I S . 0 0  
220 .00  
5 5 0  .00  
110 .00  
bb. 0 0  
'60.00 
73.UO 
56 .00  

110 .00  
170.00 
2 10 .00  
29U. 0 0  
2 1 0 . 0 0  
2 2 0 .  0U 
I % U . U 0  
2 r l u . u ~  
>?U.UU 
;31.67 
1Inu.uu 
2 2 0 . 0 0  
:20.00 
ZJ0.UO 
2 2 0 . 0 0  
3U5 .00  
b 4 0 . 0 0  
1LU.OU 
*'Lu.u0 
fOU.UO 
GllO. 0 0  

L n o  I 

- .  - - - -  
Iu1 l .u I  
;7u. 11' 

I(. . IJ, 

57.U1 
371J.OI' 
Z> .ill, 

l J u . 0 1 1  
2 0 .  U l .  

12ulJ. Uk' 
2 0 5 .  1111 

.utr 

I flu. 01: 
I 511. l t l l  

170 .  1 1 q 1  

2OU. [ I l l  
38.  air 
17 .0u  
1'1 . 011 
36.01: 
16.01 
2L.UU 
27.01: 
I D .  O C J  
L I . 0 0  
5 0 .  ul. 
5 1  .UI' 
'4i .UI 
81.111 

125 .0{ '  
l 25 .U I l  
220.01. 
12U.111 
1BO.UI 

> n .  01. 
B Y .  UL 

1 6 l . t . i  
2 5 0 .  u1 

18.U' 
l i U . i ) l  
2 1 0 . u v  
? L O .  U I '  

i n 

. ' I $  

.).! 

IUU 
1 0 1  
lU2  
103 
106 
lo:, 
1Ub 
10 7 
100 
I U 9  
I I U -  
I l l  

1!2 
I l J  
1 1  4 
1 l i  
116 
117 
I 1 0  
11') 
I 2 0  
12 1 
: z 2  
122 
! 2 , ,  
! 2 ;  

I . f, 
l 2 'I 
,101 
t l l r  > 
. , , J h  

a,,,.> 

111,,, 

/ 

8 
, . 

AlUT CrUT 

- - - - - -  
5 1 . 0 0  
1'1.00 
119.00 
1 4 . 0 0  
s 3 .  0 0  
11 .00  
3 7 . 0 0  
5 0 . 0 0  
3 0 . 0 0  
7 5 . 0 0  
1 2 . 0 0  
1 2 . 0 0  
1 0 . 0 0  

Y . 3 0  
17 .00  
34 .oo 
419.00 
5 s .  0 0  
6 0 . 0 0  
'14.00 
1 1 . 0 0  
1 6 . 0 0  
12 .00  
5 9 . 0 0  
3 6 . 0 0  
2 3 . 0 0  
11 .00  
1 1 . 0 0  

8 .50  
' l>.OO 
2 8 . 0 0  
15 .00  
11 .00  
2 1 . 0 0  

1JO.00' 
I,. 40 

1 2 . 0 0  

P b l l l  

- - - - .  . 
> i  . ~III 

> . ::u 
0 1 . I111 
30. UU 
4 9 . 0 0  

0 .50  
22.UU 
JI$.UU 
12.UO 
5O.OU 

J.  211 
5 .  ill 
2 .  l l t l  

J .  I U  
5 .>0  

17 .50  
2'). 0 0  
5 2 . 5 0  
12.UO 

250.UU 
J0.OU 
34 .OU 
1 > .  u11 
U . 2 0  

22.011 
5 . 1 U  
2 .  UU 

1U.UU 
5 .  .'U 

7 1 . 110 
1 I.. IJU 

2 . I111  

L .  , I l J  

J .  I I U  
/ I . .  u o -  
i . u u  
2 .  l U  

- - - - * - - - -  

>5l l l l lJ.  I l l 1  

170110. IIU 
J6UU0. 0 0  
21000.00 
38OOO.OO 

8600 .00  
2 5000.110 
J2OUU.UU 
19000.  u 0  
43000  .OO 

5400 .  00 
LLUU. UU 
6200  .I10 
5500 .u0  
61UU.00 

l 4 S o o . o u  
2 1 0 0 0 . 0 0  
r140u0.00 
12000 .  0 0  
9 7 0 0 0 . 0 0  

lSOOOO. 0 0  
65OOO.UO 
l i n o ~ . u n  
1'1000. 0U 
22000 .  no 
15000 .00  

4 900 .  00 
8J00 .00  
6000 .  00 

S100U.U0 
211100. u0- 
I Ir100.o l l  
1 UOUU . l lU 
I LUOO. l.U 

~8f41JOLl. I10 - 
,lIIOU. 1JU 

1JUUU.UU 

UT - Unfiltered Total 
A l U T  - Aluminum CrUT - Chrolniuni r.lnUT - Manganese ZnUT - Zinc 
AsUT - A r s e n i c  CuUr - Copper N i U T  - N i c k e l  
CdUT - Cadn~ium FeUT - I r o n  PbUT - Lead 
CoUT - Cobdl t I - P I  C.?IIT . C > l n n i , , . n  
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Appendix 6.3 

The Provincial Sediment Quality Guidelines, March 1991 (Draft) 



THE PROVINCIAL 

SEDIMENT QUALITY 
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32 SPECIFIC APPLICATIONS 

211 -nt of Fill Mrectlv into g 
lYakmms 

Fd refers to any type of solid material, 
other than those defrned as inert (LC., chemically 
clean) under MOE's Waste Management Guidelines 
described in Regulation 309 of the Enviro~lental  
Protection Act, used in shoreline or nearshore 
development programs generally referred to as 
lake filling. 

As a minimum, chemical analyses shall bc 
carried out for all parameters in Tables 1 and 2 
unless spccific agreement to the contrary is obtained 
from the MOE. 

Fill material equal to, or better than, the 
No-Effect Level Guidelines can be used without 
restriction in a watercourse. 

The conditions governing fill that exceed 
the No-Effect Level iue outlined in MOE'S 
guidelines on l a k e f i g .  

32$ Sediment Monitorinn Proeramg 

When sediment quality in an area 
consistently exceeds the Lowest Effect Level 
Guideline, subject to the conditions in 3.1.l.(g) 
above, that area shall be designated an area of 
potential concern, and the actions outlined below 
shall apply. The sediment evaluation procedure is 
shown in detail in Figure 2. Sediments that are 
below the Lowest Effect Level should pose no 
siBDlficant threat to the majority of benthic 
organisms. 

In areas where contaminkts in sediment 
are at or above the Lowest Effect Level, immediate 
steps should be taken to control a4 point and non- 
point contaminant sources to the area. Consideration 
will be given to the provisions governing areas of 
high mineralization and atmospheric deposition as 
outlined in section 3.1.l.(g) and (h). 

In areas where contaminants in sediment 
are at or above the Severe Effect Level, the 
sediment is deemed to bc: highly contaminated and 

measures in addition to source control may be 
required to clean up the sediment. Such measures 
should be determined on the basis of the biological 
tests outlined below. If the sediment fails either of 
the tests, in-situ remedial action is warranted. If the 
sediment passes both tests, efforts should be 
directed towards point and non-point source control. 
In-situ dean-up must not be a substitute for source 
control. The sediment evaluation procedure is 
outlined in detail in Figure 2. 

The following lethality test, or an equivalent test 
approved by MOE will be carried out to determine 
the need for in-sinr sediment remedial action. 
Details on the following tests are provided in Lomas 
& Krantzberg (1988). 

Sediment Bioassay Protocol 

The experiments are run as static beaker tests, 
using two types of aquatic biota: 3-3 month old 
fathead minnows, Pinwphales promelas (to assess 
effects of contaminated sediment on water column 
organisms) and 2nd year nymphs of the burrowing 
mayfly, Herogenia limbata (to assess effects of 
contaminated sediment on a sediment-dwelling 
organism). The organisms are placed in jars (2 litre) 
with dechlorinated water and sediment (4:l ratio) 
for a 10-day exposure period. At the end of the 
experiment, percent mortality is calculated. 

Selection of Controls 

Controls are very important and necessary for 
proper interpretation of bioassay results. Two types . 
of control sediments are selected for the Sediment 
Bioassay Protocol and these are: 

- Sediment where test organisms were 
collected from or cultured in. 

- Control site from study location, 
upstream or removed from the 
pollution sources being assessed but as 
similar as possible in composition. 

Data Interpretation 

Data interpretation involves comparing 
bioassay results from test sediments to results from: 

- replicate test sediments to address 
variabiliry among replicates 



- control sediments that organisms were 
collected from or culturcd in , 

- upstream control sediments or 
sediments removed from pollution 
sources being assessed. 

Statistically significant (P ~0.05) diFferences 
between t a t  control sediments for the various 
endpoints indicate that test sediments have 
negatively impacted the biota. Control mortality is 
monitored and must not exceed 10% for the 
validation of test results. 

Dredged material refers to any material 
removed from the bottom of a watercourse as a 
result of capital or maintenance dredging, remedial 
action or sp'& dean-up. The conditions outlined 
below relate only to material being considered for 
disposal in open water and does not include 
material to be placed within Confined Disposal 
Facilities (CDFs). Analyses will be performed for all 
parameters listed in Tables 1 and 2, unless previous 
data suggest the absence of certain parameters. 

A. Disposal in Areas With Sediment Quality 
Equal to or Better Than the No-Effect 
Level Guidelines. 

The dredged material to be disposed of 
must not exceed the No-Effect Level Guidelines. 

B. Disposal in Areas With Sediment Quality 
Exceeding the No-Effect Level Guidelines. 

The dredged material to be disposed of in 
such areas must be below the Lowest Effect Level 
Guidelines, subject to tbe conditions described in 
3.1.l.(g). In addition to meeting the chemical 
quality, the general provisions outlined below must 
also be met. Detailed application of these guidelines 
is shown in F i e  3. 

General Provisions Governbg(Zpwl-Water D i d  
'gf Dredned Matcripl, 
(for details refer to UC 1983) 

Open Water Disposal Sites Should Be Located So 
As To Avoid Adverse Impacts On: 

1. Commerce and transportation, including 

commercial shipping, commercial fishing, 
pipeline and cable crossings and mineral 
and aggregate extraction. 

2. Water intakes and outfalls. 

3. Recreational uses and aesthetic values of 
the area. 

4. Bottom topography so as not to adversely 
impact water circulation, current patterns, 
water level fluctuations, temperature 
regime, erosion and accretion patterns, and 
wave climate. 

5. Sites of natural, cultural, archaeological, 
historical, and research significance. 

6. Sanctuaries and refuges, breeding, 
spawning, nursery and feeding habitats, and 
passage areas for biota. 

* ? /  ., I.? 
7. Species of special interest such as 

threatened and endangered species. 

In Addition, Open Water Disposal Sites Should: 

1. Be compatible with physical and chemical 
characteristics of the dredged material to 
the extent practicable. 

2. Utilize the smallest practicable disposal 
area. 

3. Use current and past material disposal 
sites, if these sites meet the proposed 
guidelines. 

4. Be selected to minimize the dispersal, 
erosion and slumping of the material to 
affect the smallest practicable part of the 
water body. 

In areas where ambient or background 
sediment levels of the substance(s) spilled are below 
the No-Effect Level, the clean-up level will, as a 
minimum, be to the No-Effect Level. If the ambient 
sediment levels for that watercourse are above the 
No-Effect Level, then cleanup will be, as a 
minimum, to the local ambient level. To clean up 
beyond the ambient level would be of no lasting 
benefit due to the long-term migration and cycling 
of sediment within the ecosystem. 



PROTOCOL FOR S m N G  SEDIMENT 
QUAUTV GUIDEUNES 

4.1 RATIONALE FOR SETX'ING SEDIMENT 
QUALITY GUIDELINES 

In developing guidelines to provide 
adequate protection for biological resources, the 
Ministry has attempted to ensure that the methods 
employed consider the full range of natural 
processes governing the fate and distribution of 
contaminants in the natural environment. Sincc 
benthic organisms respond to a variety of stress- 
inducing factors they are, in essence, integrators of 
all the physical, chemical and biological phenomena 
being experienced in their environment and these 
organisms should form the basis of any method used 
in se%g sediment guidelines. 

b 21 .. . 

'-9~e&e individual species may respond 
differently to stress-indudng factors it is very 
difficult to study a specific organism (eg. a sensitive 
species) with the h o p  of developing guidelines that 
will protect the rest of thc community. Sensitivity to 
chemical contaminants hits not been fully evaluated 
for different benthic organisms and most sediment 
bioassay work has been concerned mainly with a 
few selected species (cg. the mayfly Herogenia). 
While the mayfly has traditionally been used as a 
"sensitive" indicator organism for factors such as low 
dissolved oxygen, its sensitivity relative to other 
benthic organisms has not been clearly established 
for chemical contaminants. Therefore, in developing 
SQGs,  he Ministry has not relied on single-species 
data. 

Similarly, a method that relies heavily on 
those species that are known to be extremely 
tolerant of contaminants in sediment cannot result 
in guidelines that will adequately protect less 
tolerant members of the aquatic community. It has 
been demonstrated that some populations can adapt 
to varying leveh of environmental contamination 
with inaeasing tolerance to these contaminants 
occurring in succeeding generations. This can 
present difficulty in laboratory studies of reared 
populations since these may lack the genetic 
diversity found in natural populations and responses 
may not be consistent with those observable under 
field conditions. 

Another concern in relation to placing 
heavy reliance on laboratory data stems from the 

fact that in most situations contaminants in 
sediments exist as mixtures of various substances. 
Laboratory tests have been geared towards 
examining the effects of single substances and 
laboratory data can be difficult to apply to field 
situations. 

In developing the protocol for setting 
Sediment Quality Guidelines, the ministry 
considered a number of different approaches 
developed by state and federal agencies in North 
America that employed various degrees of biological 
assessment. The various suggestions for the 
development of Sedimenr Quality Guidelines can be 
summarized in five approaches as possiblc means of 
setting sediment quality guidelines. At present, no 
single approach can adequately account for all the 
factors that operate in natural sediments and each 
of the five approaches has positive attributes as well 
as limitations with regard to the development of 
biologically based guidelines. The rationale used in 
setting Sediment Quality Guidelines includes a 
number of considerations which are detailed below. 
These considerations provided the basis for selecting 
the best method or combination of methods for 
Sediment Quality Development. 

Sediment Quality Guidelines should 
consider a range of contaminant 
concentrations that is wide enough to 
determine the level at which ecotoxic effects 
become noticeable. This can be achieved 
most effectively by looking at a large 
number of organisms under the widest 
possible range of contaminant exposure. 
Only then can the appropriate ecotoxic level 
be adequately determined. A restricred 
range may result in the setting of guidelines 
that are not reflective of actual ecotoxic 
effects on organisms and as such may be 
overprotective. This is especially important 
where the range of effects used may not 
cover the entire tolerance range of the 
species in question. 

2. SQGs should be based on cause-effect 
relationships between a specific 
contaminant and benthic organisms since it 
is necessary to demonstrate that at a certain 
concentration a contaminant results in 
adverse effects on benthic organisms. 

3. SQGs should account for contaminant 
effects in a multi-contaminant medium. 
Since contaminated sediments usually 


